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(54) Data transmission system which can use various modulation types

(57)  An information transmission system is broken
down into a sound recorder (10), a transmission medium
and a sound reproducer (30); a digital audio signal
(DA1) is produced from MIDI music data words through
any kind of modulation technique such as, for example,
Y-modulation technique, P-modulation technique or Q-
modulation technique, and the digital audio signal is
transferred from the sound recorder through the trans-
mission medium such as a magneto-optic disc (20), a

wire communication network or the free space to the
sound reproducer; when the digital audio signal (RG1)
reaches the sound reproducer (30), the sound reproduc-
er analyzes the digital audio signal to see what modu-
lation technique was employed to produce it, and de-
modulates the digital audio signal through an appropri-
ate demodulation technique, thereby permitting user to
employ any sound recorder to produce the digital audio
signal.
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Description

FIELD OF THE INVENTION

[0001] This invention relates to information transmis-
sion technologies and, more particularly, to information
transmission systems for transferring digital data sig-
nals through transmission media such as, for example,
a portable information storage medium, communication
cables and the free space and a method used therein.

DESCRIPTION OF THE RELATED ART

[0002] The MIDI (Musical Instrument Digital Interface)
standards are popular to persons skilled in the art. A
piece of music is stored in a set of music data codes
formatted in accordance with the MIDI standards. The
music data codes formatted in accordance with the MIDI
standards are hereinbelow referred to as "MIDI music
data codes".

[0003] A set of MIDI music data codes is transferred
from a digital data source through a MIDI cable to a mu-
sical instrument such as, for example, an electric key-
board, and the original performance is reproduced. The
set of MIDI music data codes may be transferred from
another musical instrument in a real time fashion. Oth-
erwise, the set of MIDI music data codes may be stored
in an information storage medium such as a floppy disc
or a compact disc.

[0004] The MIDI music data codes are usually written
in the floppy disc without any modulation. Several mod-
ulation/ demodulation techniques have been proposed
for the MIDI music data codes. For example, the MIDI
music data codes are modulated through a frequency
shift keying. The MIDI music data code is represented
by a pulse train or a series of marks and spaces. The
MIDI music data codes are converted to a frequency
modulated signal through the frequency shift keying,
and the frequency modulated signal serves as an ana-
log audio signal. The analog audio signal is sampled at
a high frequency, and the discrete values are converted
to a series of digital audio data codes through the pulse
code modulation. The digital audio data signal is trans-
mitted to the recording head, and is recorded into either
right or left channel of the compact disc such as a
CD-DA (Compact Disc Digital Audio).

[0005] However, the combination of the frequency
shift keying and the pulse code modulation is not only
one modulation technique available for the MIDI music
data codes. Plural record companies produce the com-
pact discs in Japan. The record companies employ dif-
ferent modulation techniques to record sets of MIDI mu-
sic data codes in the compact discs. This means that a
demodulation technique corresponding to the modula-
tion technique is required for the playback. If the demod-
ulation technique is not corresponding to the modulation
technique, itis impossible to reproduce a piece of music
from the MIDI music data codes stored in the compact
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disc. Thus, the problem inherent in the prior art record-
ing/ playback apparatus is poor compatibility.

[0006] The same problem is encountered in the prior
art communication system. A provider is assumed to
supply a set of MIDI music data codes representative of
a piece of music through a communication line or the
free space to users. If the provider modulates the set of
MIDI music data codes to a digital audio signal through
a certain modulating technique, the set of MIDI music
data codes reaches users who own receivers capable
of demodulating the digital audio signal to the set of MIDI
music data codes. Thus, the poor compatibility is the
problem inherent in the prior art communication system.

SUMMARY OF THE INVENTION

[0007] Itistherefore animportant object of the present
invention to provide an information transmission sys-
tem, which transfers an output data signal through var-
ious kinds of transmission media such as, for example,
a portable memory, a wire communication network and
the free space regardless of modulation/ demodulation
techniques employed in stations.

[0008] Itis also an important object of the present in-
vention to provided a method used in the information
transmission system.

[0009] In accordance with one aspect of the present
invention, there is provided a n information transmission
system comprising a first station connected to a data
source supplying data codes thereto at irregular interval
and including a modulating unit producing a modulated
signal on the basis of the data codes through a modu-
lating technique selected from plural candidates and a
data converting unit connected to the modulating unit
for producing an output signal from the modulated sig-
nal, a second station supplied with the output signal of
the data converting unit and including a discriminating
unit analyzing the output signal so as to determine the
modulating technique employed in the modulating unit
and producing a control signal representative of the
modulating technique and a demodulating unit supplied
with the output signal of the data converting unit, capa-
ble of demodulating the output signal through any one
of demodulating techniques respectively corresponding
to the candidates and responsive to the control signal
for reproducing the data codes through the demodulat-
ing technique corresponding to the modulating tech-
nigue, and an information transmitting medium provided
between the first station and the second station.
[0010] In accordance with another aspect of the
present invention, there is provided a n information
transmission system comprising a first station connect-
ed to a data source supplying data codes containing
pieces of music data information representative of a per-
formance thereto atirregularinterval and including a first
data converting unit supplying synchronous codes into
the irregular intervals for producing a data stream, a
modulating unit connected to the first data converting
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unit and modulating a carrier signal with the data stream
for producing a modulated signal through a modulating
technique selected from plural candidates and a second
data converting unit connected to the modulating unit
for producing an output signal from the modulated sig-
nal, a second station supplied with the output signal of
the second data converting unit and including a discrim-
inating unit analyzing the output signal so as to deter-
mine the modulating technique employed in the modu-
lating unit and producing a control signal representative
of the modulating technique, a demodulating unit sup-
plied with the output signal of the second data convert-
ing unit, capable of demodulating the output signal
through any one of demodulating techniques respec-
tively corresponding to the candidates and responsive
to the control signal for reproducing the data stream
through the demodulating technique corresponding to
the modulating technique and a third data converting
unit connected to the demodulating unit and reproduc-
ing the data codes from the data stream, and an infor-
mation transmitting medium provided between the first
station and the second station.

[0011] In accordance with yet another aspect of the
present invention, there is provided an information
transmission system comprising a first station connect-
ed to a data source supplying data codes thereto at ir-
regular interval, and including a modulating unit produc-
ing a modulated signal on the basis of the data codes
through a modulating technique selected from plural
candidates and a data converting unit connected to the
modulating unit for producing an output signal from the
modulated signal, the output signal having edge-to-
edge intervals different between the candidates, a sec-
ond station supplied with the output signal of the data
converting unit and including a measuring unit for meas-
uring the edge-to-edge intervals of the output signal, a
discriminating unit connected to the measuring unit, de-
termining the modulating technique employed in the
modulating unit on the basis of the edge-to-edge inter-
vals and producing a control signal representative of the
modulating technique and a demodulating unit supplied
with the output signal of the data converting unit, capa-
ble of demodulating the output signal through any one
of demodulating techniques respectively corresponding
to the candidates and responsive to the control signal
for reproducing the data codes through the demodulat-
ing technique corresponding to the modulating tech-
nique, and an information transmitting medium provided
between the first station and the second station.
[0012] In accordance with still another aspect of the
present invention, there is provided a method for trans-
mitting pieces of information from a first station to a sec-
ond station comprising the steps of a) producing a mod-
ulated signal from data codes supplied from a data
source at irregular intervals through a modulating tech-
nique selected from plural candidates, b) converting
said modulated signal to an output signal, c) transmitting
the output signal from the first station through an infor-
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mation transmitting medium to the second station, d) an-
alyzing the output signal for determining the modulating
technique, e) selecting a demodulating technique cor-
responding to the modulating technique from candi-
dates corresponding to the plural candidates and f) re-
producing the data codes through the demodulating
technique.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The features and advantages of the informa-
tion transmission system and the method will be more
clearly understood from the following description taken
in conjunction with the accompanying drawings in
which:

Fig. 1 is a block diagram showing the system con-
figuration of a sound recording/ reproducing system
according to the present invention;

Fig. 2 is a view showing a specification for a sound
recorder;

Fig. 3 is a block diagram showing the circuit config-
uration of a data converting module incorporated in
the sound recorder;

Fig. 4 is a view showing data nibbles of MIDI music
data codes and dummy data codes corresponding
thereto;

Fig. 5 is a view showing MIDI data words produced
in a performance on an electric keyboard;

Fig. 6 is a view showing quasi MIDI data words pro-
duced from the MIDI data words through the data
conversion;

Fig. 7 is a view showing a nibble stream output from
the data converting module;

Fig. 8 is a view showing another MIDI data word
produced in the performance on the electric key-
board;

Fig. 9is a view showing a quasi MIDI data word pro-
duced from the MIDI data word;

Fig. 10 is a view showing the quasi MIDI data word
taken into the data stream;

Fig. 11 is a view showing relation among gray
codes, positions assigned to the gray codes, a rel-
ative phase and an I-Q coordinate system;

Fig. 12 is a graph showing a spacious arrangement
of the gray codes;

Fig. 13 is a block diagram showing the circuit con-
figuration of a signal modulation module incorporat-
ed in the recording unit;

Fig. 14 is a block diagram showing the circuit con-
figuration of a detector incorporated in a sound re-
producer;

Fig. 15 is a block diagram showing the circuit con-
figuration of a zero-crossing detector incorporated
in the detector;

Fig. 16 is a block diagram showing the circuit con-
figuration of a detector for discriminating features of
an Y-modulation;
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Figs. 17A and 17B are flowcharts showing a com-
puter program for discriminating a regenerative sig-
nal modulated through predetermined modulating
techniques;

Figs. 18A and 18B are flowcharts showing a com-
puter program for discriminating the regenerative
signal not modulated through the predetermined
modulating techniques;

Fig. 19 is a block diagram showing the circuit con-
figuration of a signal demodulating module incorpo-
rated in the sound reproducer;

Fig. 20 is a block diagram showing the circuit con-
figuration of a synchronous detector incorporated in
the signal demodulation circuit;

Fig. 21 is a block diagram showing the circuit con-
figuration of a coordinate transformation circuit in-
corporated in the signal demodulation circuit;

Fig. 22 is a block diagram showing the circuit con-
figuration of a reverse mapping circuit incorporated
in the signal demodulation circuit;

Fig. 23 is a block diagram showing the circuit con-
figuration of a trigger signal generator incorporated
in the signal demodulation circuit;

Fig. 24 is a block diagram showing the circuit con-
figuration of a phase-locked loop incorporated in the
signal demodulation circuit;

Fig. 25 is a block diagram showing the circuit con-
figuration of a data converting module incorporated
in the sound reproducer;

Fig. 26 is a flowchart showing a computer program
executed by a data processor incorporated in the
data converting module;

Figs. 27A and 27B are views showing a part of a
nibble stream and a MIDI data word restored there-
from;

Figs. 28A and 28B are views showing another part
of the nibble stream and a MIDI data word restored
therefrom;

Figs. 29A and 29B are views showing yet another
part of the nibble stream and a MIDI data word re-
stored therefrom;

Fig. 30 is a view showing a concept of a method for
restoring MIDI data words from the nibble stream
from another aspect;

Fig. 31 is a block diagram showing the system con-
figuration of a communication system according to
the present invention; and

Fig. 32 is a block diagram showing the system con-
figuration of another communication system ac-
cording to the present invention.
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DESCRIPTION OF THE PREFERRED
EMBODIMENTS

First Embodiment

System Configuration

[0014] Referring to figure 1 of the drawing, a sound
recording/ reproducing system embodying the present
invention largely comprises a sound recorder 10, an in-
formation storage medium 20 and a sound reproducer
30. A data source such as, for example, an electric key-
board is connected to the sound recorder 10, and 8-bit
music data codes representative of pieces of music are
supplied from the data source to the sound recorder 10.
In this instance, the 8-bit music data codes are formatted
in accordance with the MIDI standards, and are herein-
below referred to as "MIDI music data codes". The
sound recorder 10 produces a digital audio signal DA1
from the MIDI music data codes through a modulation
technique, and writes the digital audio signal DA1 into
the information storage medium 20. Thus, the pieces of
music are stored in the information storage medium 20.
Any limit is not set on the modulation technique. In other
words, the sound recorder 10 is replaceable with anoth-
er sound recorder in which another modulation tech-
nique is employed. A magneto-optic disc serves as the
information storage medium 20, by way of example. The
magneto-optic disc may be CD-R (Compact Disc Re-
cordable) or DVD-R (Digital Video Disc Recordable or
Digital Versatile Disc Recordable).

[0015] The sound reproducer 30 reads out the pieces
of music from the magneto-optic disc 20, and produces
a regenerative signal RG1. The regenerative signal
RG1 is representative of the pieces of music. However,
the regenerative signal RG1 may represent another kind
of data information such as, for example, commands to
the sound reproducer 30 or other apparatus connected
to the sound reproducer 30. The regenerative signal
RG1 is demodulated, and the MIDI music data codes
are reproduced. Even if another piece of music is stored
in a magneto-optic disc 20 through another modulation
technique different from that employed in the sound re-
corder 10, the sound reproducer 30 produces MIDI mu-
sic data codes representative of another piece of music
from the regenerative signal RG1. The MIDI music data
codes are converted to an analog audio signal, and elec-
tronic sound is produced from the analog audio signal.
[0016] The sound reproducer 30 includes a demodu-
lator 30A, a detector 100, a tone generator (not shown)
and a sound system (not shown). The regenerative sig-
nal RG1 is supplied to both of the demodulator 30A and
the detector 100. The detector 100 checks the regener-
ative signal RG1 to see what modulation technique is
employed to produce the analog audio signal AD1, and
decides the modulation technique or uncertainty. The
detector 100 produces a status signal S1 representative
of the modulation technique or the uncertainty, and sup-
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plies the status signal S1 to the demodulator 30A. The
demodulator 30A can process the regenerative signal
RG1 through plural demodulation techniques. The de-
modulator 30A is responsive to the status signal S1 rep-
resentative of the modulation technique so as to process
the regenerative signal RG1 through selected one of the
demodulation techniques corresponding to the modula-
tion technique notified by the detector 100. The demod-
ulator 30A reproduces the MIDI music data codes rep-
resentative of the pieces of music, and supplies the MIDI
music data codes to the tone generator (not shown). The
tone generator generates the analog audio signal from
the digital audio signal, and supplies the analog audio
signal to the sound system (not shown).

Sound Recorder

[0017] Various manufacturers supply the market with
the sound recorders 10. As described hereinbefore, the
manufacturers employs different modulation techniques
to produce the digital audio signal from the MIDI music
data codes. Followings are the specifications of the
manufacturers for the sound recorders 10.

Specification of Manufacturer A

[0018]

1. MIDI music data codes are modulated to a digital
audio signal through a 16 DPSK (Differential Phase-
Shift Keying), and the modulation technique is cat-
egorized in Y-modulation.

2. The digital audio signal is supplied through the
right channel, and is written in an information stor-
age medium in case where the information storage
medium is responsive to 2-channel digital audio sig-
nal.

3. The base-band signal of the modulated signal or
the digital audio signal is in the form of a pulse train,
which has the edge-to-edge intervals expressed as
317.5 x n us where n is a positive number.

Specification of Manufacturer B

[0019]

1. MIDI music data codes are modulated to a digital
audio signal through a binary FSK (Frequency Shift
Keying), and the modulation technique is catego-
rized in Q-modulation.

2. The digital audio signal is supplied through the
left channel, and is written in an information storage
medium in case where the information storage me-
dium is responsive to 2-channel digital audio signal.
3. The base-band signal of the modulated signal or
the digital audio signal is in the form of pulse train,
which has the edge-to-edge intervals selected from
the group consisting of 145 us, 290 us, 581 us and
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Specification of Manufacturer C

[0020]

1. MIDI music data codes are modulated to a digital
audio signal through a binary FSK (Frequency Shift
Keying), and the modulation technique is catego-
rized in P-modulation, which is different from the Q-
modulation.

2. The digital audio signal is supplied through the
right channel, and is written in an information stor-
age medium in case where the information storage
medium is responsive to 2-channel digital audio sig-
nal.

3. The base-band signal of the modulated signal or
the digital audio signal is in the form of pulse train,
which has the edge-to-edge intervals selected from
the group consisting of 259 us and 129.5 ps.

[0021] Since the Q-modulation and the P-modulation,
which the binary FSK is used in, are well known, de-
scription is hereinbelow made on the Y-modulation
through the 16 DPSK employed in the specification of
manufacturer A.

[0022] Figure 2 illustrates details of the specification
employed by manufacturer A. The modulated signal is
assigned to the right channel R. If a compact disc serves
as the information storage medium 20, an audio signal
isrecorded in the left channel L. The bitrate is 12.6 kbps.
The start/ stop commands are required for pieces of mu-
sic data information stored in the form of MIDI music da-
ta codes. The bit rate of 12.6 kbps is large enough to
transfer the other music codes. The carrier frequency is
6.30 kHz, and the symbol velocity is 3.15 kbaud. Each
symbol is expressed by 4 bits. The symbols are convert-
ed to 4-bit gray codes, and the 4-bit gray codes are mod-
ulated through the 16-DPSK. A synchronous detection
is employed to demodulate the audio signal. Synchro-
nization is achieved by inserting synchronous nibbles
into between MIDI music data codes. The audio-signal
delay time is zero millisecond in the recording, and is
500 milliseconds in the reproduction. The dynamic
range is from -6.0 dB to -12.0 dB with respect to the full
range. Silence is continued for at least two seconds until
a piece of music starts, and the silent time period is nec-
essary for synchronization. In other words, the manu-
facturer designs the silent time period to achieve the
synchronization. A base-band filter is prepared for the
modulated signal, and a fourteenth-order cosine roll-off
low-pass filter is employed as the base-band filter. The
cosine roll-off low-pass filter has the cut-off frequency
corresponding to the carrier frequency at 6.3 kHz.
[0023] Turning back to figure 1, the sound recorder 10
is assumed to be a product of manufacturer A. The
sound recorder 10 includes a data converting module
11, a signal modulating module 12 and a recording mod-
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ule 13. The MIDI music data codes are asynchronously
supplied from the data source, i.e., the electric keyboard
to the data converting module 11. In other words, the
MIDI music data codes representative of pieces of MIDI
music data information are supplied from the data
source to the sound recorder 10 at irregular intervals.
[0024] According to the MIDI standards, the MIDI
messages are stored in 8-bit data codes. Plural 8-bit da-
ta codes are required for transferring each MIDI mes-
sage. In other words, each MIDI message is represent-
ed by using a status byte and data bytes. The status
byte is, by way of example, representative of an instruc-
tion such as a note-on/ note-off and a channel to be as-
signed. Each of the note-on/ note-off and the channel to
be assigned are represented by higher 4 bits and lower
4 bits. Thus, the nibble is the unit of the MIDI data word.
On the other hand, the data bytes give details of the in-
struction. The number of data bytes is determined for
each of the status bytes in the MIDI standards. The sta-
tus byte representative of a note-on is, by way of exam-
ple, followed by two data bytes. The first data byte is
indicative of the pitch of the tone to be generated, and
the second data byte is indicative of the loudness of the
tone to be generated. Thus, the MIDI message is an in-
struction for generating the tone with a pitch at certain
loudness. In the following description, a set of status/
data bytes representative of a MIDI message is referred
to as "MIDI data word", and the status byte and the data
byte defined in the MIDI standards are referred to as
"MIDI status byte" and "MIDI data byte", respectively.
[0025] The 8-bit MIDI status/ data is divisible into two
data nibbles. The data converting module 11 checks the
MIDI data words to see whether or not the MIDI status
bytes are discriminative after insertion of a 4-bit syn-
chronous nibble or nibbles. The synchronous nibble will
be hereinbelow described in detail. When the data con-
verting module 11 notices a MIDI status byte which loses
the peculiarity after the insertion of the synchronous nib-
ble, the data converting module 11 replaces the MIDI
status byte with a quasi MIDI status code. The other
MIDI status bytes are not replaced with any quasi MIDI
status code, and the data bytes are transferred without
any replacement. Subsequently, the data converting
module 11 inserts the synchronous nibbles into the ir-
regular intervals, and produces a nibble stream DS1.
Thus, the nibble steam NS is divisible into a series of
nibbles, and, for this reason, each nibble is referred to
as "symbol". Although the synchronous nibbles are in-
serted into the irregular intervals, the data converting
module 11 keeps the MIDI status bytes, quasi MIDI sta-
tus bytes and MIDI data bytes discriminative. The nibble
stream DS1 is supplied from the data converting module
11 to the signal modulating module 12.

[0026] The signal modulating module 12 modulates a
carrier signal with the nibble stream DS1, and produces
an analog audio signal AD1. The carrier signal is fallen
within the audio frequency band. The analog audio sig-
nal AD1 is supplied from the signal modulating module
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12 to a recording module 13. An external analog audio
signal and/ or an external digital audio signal may be
further supplied to the recording module 13. The record-
ing module 13 converts the analog audio signal AD1 to
the digital audio signal DA1 through the pulse code mod-
ulation, i.e., PCM, and writes the digital audio signal DA1
into a track in the magneto-optic disc 20.

Data Converting Module

[0027] Turning to figure 3 of the drawings, the function
of the data converter 11 is equivalent to functions of two
data converters 112/ 113 associated with a data conver-
sion table 116. The data converter 112 replaces confus-
ing MIDI status bytes with quasi MIDI status codes with
the assistance of the data conversion table 116, and the
data converter 113 produces the nibble stream DS1.
[0028] In detail, the MIDI data words are asynchro-
nously produced in the electric keyboard, and are sup-
plied from the electric keyboard to the data converting
module 11 at irregular intervals. The data converter 112
receives the MIDI music data words, and checks the
MIDI data words to see whether or not any one of the
MIDI status bytes contains a nibble to be confused with
the synchronous nibble or a nibble forming a part of an-
other MIDI status byte. If the MIDI status byte does not
contain the synchronous nibble and the confusing nib-
ble, the answer is given negative, and the data converter
112 passes the MIDI status byte and associated MIDI
data bytes to the data converter 113. However, if the
MIDI status byte contains the synchronous nibble or the
confusing nibble, the answer is given affirmative, and
the data converter 112 accesses the data conversion
table 116, and searches the data conversion table 116
for an appropriate quasi MIDI status byte. When the data
converter 112 finds the appropriate quasi MIDI status
byte in the data conversion table 116, the data converter
112 fetches the quasi MIDI status code corresponding
to the MIDI status byte, and supplies the quasi MIDI sta-
tus code and the MIDI data bytes to the data converter
113.

[0029] The data converter 113 supplements the syn-
chronous nibbles in the irregular intervals between the
MIDI data words, and produces the nibble stream DS1.
In this instance, the synchronous nibble has the bit string
(1111). The bit string (1111) is equivalent to hexadecimal
number F.

[0030] Figure 4 shows the data conversion table 116.
The data conversion table 116 is stored in a memory
device. The data conversion table 116 defines relation
between MIDI status bytes and quasi MIDI status codes.
The quasi MIDI status codes are different from the MIDI
standards. However, the quasi MIDI status codes con-
vey the pieces of status data information stored in the
corresponding MIDI status bytes from the data convert-
er 112 to the sound reproducer 30.

[0031] The data conversion table 116 shown in figure
4 includes the leftmost column assigned to the MIDI sta-
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tus bytes and the central column assigned to the quasi
MIDI status codes and the rightmost column assigned
to the definition of the MIDI status bytes. The actual data
conversion table 116 relates the most significant nibbles
of the MIDI status bytes to the quasi MIDI status codes,
only. The rightmost column is added for the sake of ref-
erence. When the MIDI status bytes are replaced with
the quasi MIDI status codes, the quasi MIDI status
codes form the quasi MIDI data words together with the
associated MIDI data bytes. In the following description,
hexadecimal numbers are respectively placed in pairs
of brackets.

[0032] The particular MIDI status bytes are expressed
by the bit strings equivalent to hexadecimal numbers
[CO] to [CF] and [FO] to [FF], respectively. These MIDI
status bytes have the most significant nibble expressed
by hexadecimal number [F] or [C]. The most significant
nibble [F] is changed to the bit string equivalent to [C],
and, accordingly, the most significant nibble [C] is
changed to the bit string equivalent to [C4]. The MIDI
status bytes [F4] and [F5] are changed to the quasi MIDI
status data codes [C54] and [C55], respectively. Thus,
the most significant nibble [F] is removed from the quasi
MIDI status codes through the data conversion.

[0033] The reason why the most significant nibble [F]
is replaced with the data nibble [C] is that only a small
number of MIDI status bytes have the most significant
nibble [F] and that the MIDI status bytes with the most
significant nibble [F] represent system messages which
do not frequently appear in a series of MIDI data words
representative of a performance. In order to discriminate
the converted data nibble [C] from the data nibble [C]
originally incorporated in other MIDI status bytes, the
most significant nibble [C] of the MIDI status bytes is
replaced with the data code equivalent to hexadecimal
numbers [C4]. The MIDI status bytes with the most sig-
nificant nibble [C] represent the program change, and
the program change does not frequently occur. The
MIDI status byte with the most significant nibble [C] is
prolonged by adding the nibble [4] thereto, and the data
processing is a little bit delayed due to the added nibble
[4]. However, the real time data processing is not re-
quired for the program change. A piece of music data
information seldom follows the program change, and the
delay is ignoreable. Moreover, the added nibble [4] is so
short that the quasi MIDI data words do not lower the
transfer efficiency.

[0034] The MIDI status bytes [F4] and [F5] are further
changed to the quasi MIDI status codes [C54] and [C55],
respectively, because the MIDI status bytes [CO] to [CF]
have been already changed to the quasi MIDI status da-
ta codes [C4x] (x =0, 1, 2, ... F). As will be seen in the
table shown in figure 4, the status bytes [F4] and [F5]
are not defined in the MIDI standards. There is little pos-
sibility to transmit the MIDI data words qualified with the
status bytes [F4] and [F5]. However, those status bytes
[F4] and [F5] may be defined in future. Moreover, it is
desirable to make the conversion table clear, and the
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added data nibble [5] is ignoreable in the data transmis-
sion. For this reason, the MIDI status bytes [F4] and [F5]
are respectively changed to the quasi MIDI status codes
[C54] and [C55].

[0035] While the electric keyboard is transferring the
MIDI data words to the data converter 112 at irregular
intervals, the data converter 112 checks each MIDI mu-
sic data word to see whether or not the MIDI status byte
is fallen within the prohibited range between [C0] and
[CF] and between [FQ] and [FF]. If the MIDI music data
word has the MIDI status byte fallen within the prohibited
range, the data converter 112 accesses the data con-
version table 116, and reads out the corresponding qua-
si MIDI status data byte from the data conversion table
116 for replacing the prohibited MIDI status byte with the
quasi MIDI status code read out from the data conver-
sion table 116. Upon completion of the data conversion,
the MIDI data words are out of the definition of the MIDI
standards. However, the quasi MIDI data codes still rep-
resent the MIDI message, because the quasi MIDI sta-
tus codes are discriminative from each other and from
the other MIDI status bytes. The MIDI data word is con-
verted to the quasi MIDI data word through the data con-
version. The data converter 112 supplies the quasi MIDI
data word to the data converter 13.

[0036] On the other hand, when a MIDI status byte is
out of the prohibited range, the MIDI status byte does
not require the data conversion. This means that the da-
ta converter 112 does not replace the MIDI status byte
with any quasi MIDI status code. The data converter 112
transfers the MIDI data word to the data converter 13
without the data conversion. Nevertheless, the MIDI da-
ta words are also referred to as "quasi MIDI data word"
between the data converter 112 and the sound repro-
ducer 30.

[0037] The data converter 113 receives the quasi
MIDI data words from the data converter 12, and forms
the nibble stream DS1 for the synchronous data trans-
mission. Since the quasi MIDI data words intermittently
reach the data converter 113, the data converter 113
supplements the synchronous nibble or nibbles [F] into
the irregular intervals among the quasi MIDI data words.
As described hereinbefore, the hexadecimal number [F]
has been already eliminated from the MIDI status bytes,
and the synchronous data nibble [F] is never confused
with the most significant nibble of the MIDI status bytes.
The nibble stream DS1 is supplied to the signal modu-
lation module 11.

[0038] Assumingnow thatamusicianis playing atune
on the electric keyboard , the electric keyboard produc-
es MIDI data words representative of the performance
in response to the finger work. The MIDI data words are
asynchronously transferred from the electric keyboard
4 to the sound recorder 10, and, accordingly, are a kind
of asynchronous data.

[0039] Figure 6 shows two of the MIDI data words rep-
resentative of the MIDI messages. Time runs as indicat-
ed by an arrow. The first MIDI data word M1 is equivalent
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to hexadecimal number [904040], and the second MIDI
data word M2 is equivalent to hexadecimal number
[804074]. The MIDI data words M1 and M2 are spaced
from each other and further from other MIDI music data
words on both sides thereof, and broken lines repre-
sents the irregular time intervals. The data converter 112
checks each MIDI music data word M1/ M2 to see
whether or not the MIDI status byte has the most signif-
icant nibble equal to hexadecimal numbers [F] or [C].
The most significant nibbles of the MIDI music data
words M1 and M2 are [9] and [8], respectively, and the
answer is given negative. The data converter 112 does
not access the data conversion table 116, and transfers
the MIDI data words M1 and M2 to the next data con-
verter 113 as the quasi MIDI music data words QM1 and
QM2 (see figure 6). The quasi MIDI music data words
QM1 and QM2 are also spaced from each other and fur-
ther from the other quasi MIDI music data words as in-
dicated by broken lines.

[0040] The data converter 113 supplements the syn-
chronous nibbles [F] between the adjacent two quasi
MIDI music data words, and converts the quasi MIDI da-
tawords ..., QM1, QM2, ... to the nibble stream DS1 as
shown in figure 8. The synchronous data nibbles [F]
serve as the stuffing pulses in a justification technology,
and the nibble stream DS1 is a kind of synchronous da-
ta.

[0041] After the MIDI music data word M2, the electric
keyboard produces another MIDI data word M3 (see fig-
ure 8), and supplies the MIDI data word M3 to the data
converter 112. The MIDI data words M3 contains the
status byte [CF] representative of the program change
at channel F (see figure 4). The data converter 112
checks the MIDI data word M3 to see whether or not the
MIDI status byte is to be converted to a quasi MIDI status
code. The MIDI status byte [CF] is fallen within the pro-
hibit range, and the answer is given affirmative. Then,
the data converter 112 accesses the data conversion
table 116, and fetches the quasi MIDI status code [C4F]
from the data conversion table 116. The data converter
112 replaces the MIDI status byte [CF] with the quasi
MIDI status code [C4F], and produces a quasi MIDI mu-
sic data word QM3 as shown in figure 9. The data con-
verter 112 supplies the quasi MIDI data word QM3 to
the data converter 113, and the data converter 113 sup-
plements the synchronous nibble [F] into the irregular
time intervals between the previous quasi MIDI data
word and the quasi MIDI data word QM3 and between
the quasi MIDI data word QM3 and the next quasi MIDI
data word as shown in figure 10. Thus, the quasi MIDI
music data word QM3 is taken into the nibble stream
DS1.

Signal Modulation Module

[0042] The signal modulating module 12 successively
changes the nibbles of the nibble stream DS1 to corre-
sponding gray codes, and repeatedly adds a phase
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equivalent to the present gray code to the phase equiv-
alent to the previous gray code for producing a modu-
lating signal representative of the phase of the present
data nibble. In other words, the signal modulation mod-
ule 12 accumulates the values of the phase for produc-
ing the modulating signal. The reason for the accumu-
lation is that, even if the synchronous nibbles [F] are
continued, the sound reproducer 30 achieves the syn-
chronization through the phase continuously varied.
Thus, the signal modulation module 12 produces the
modulating signal representative of the phase of the
present nibble. Subsequently, the signal modulation
module 12 modules the carrier signal with the modulat-
ing signal, and produces the analog audio data signal
AD1.

[0043] Figure 11 shows the relation among sixteen
4-bit gray codes, relative phase or the phase differences
and | and Q components of Q-I coordinate system. Fig-
ure 12 shows the relation between I-component and Q-
component in the Q-1 coordinate system. The second
column from the left side in figure 21 is assigned to the
position on the circle shown in figure 12.

[0044] Inthe Q-I coordinate system, 157.5 degrees is
assigned to the gray code (1111) equivalent to the hex-
adecimal number [F], and the gray codes are arranged
on the circle in the counter clockwise direction. Since
the gray code [F] is positioned at 157.5 degrees, it is
guaranteed that the phase is stepwise varied during the
reception of the synchronous nibbles [F]. This means
that the synchronization is surely achieved in the sound
reproducer 30. In case where the MIDI status bytes are
alternated with the MIDI data bytes, it is appropriate to
make the relative phase between the gray codes as
large as possible. The MIDI status byte is usually alter-
nated with the MIDI status data byte or bytes. For this
reason, the gray codes greater than [8] and the gray
codes less than [8] are appropriately assigned in the vi-
cinity of 0/ 180 degrees and in the vicinity of 90/ 270
degrees in the Q-1 coordinate system. The relative
phase of zero is assigned to the gray code [8]. The
phase is surely varied in so far as the gray code is not
changed as [8] - [8] - [8] - [8] - [8]. These patterns are
seldom in the data stream DS1 containing the MIDI mu-
sic data words. For this reason, any scramble is not re-
quired.

[0045] In detail, the MIDI status byte and the MIDI da-
ta byte or bytes alternately appear in the nibble stream
DS1. The MIDI status byte has the first nibble the bit 3
of which is value 1. On the other hand, the MIDI data
byte has the first nibble the bit 3 of which is value 0.
When the MIDI music data words are separated into nib-
bles, it is guaranteed that the most significant bits or bits
3 do not continuously take value 1. In the spacious ar-
rangement for the modulating signal shown in figures 11
and 12, the nibbles with bit 3 of 1 are assigned the po-
sitions in the vicinity of relative phase 0 so as not to con-
tinue relative phases around zero degree (see zone A
in figure 12). If the data are continued to be around zero
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degrees, it is difficult to detect the boundary between
the nibbles. This results in that the demodulated signal
is liable to be out of the synchronization. The demodu-
lated signal is less liable to be out of the synchronization
by virtue of the above-described spacious arrangement
for the modulating signal. The silent signal (1111) in the
nibble stream DS1 has the most significant nibble cor-
responding to the gray code (1011), and the MIDI mes-
sage representative of the control change [Bxxxxx]
where x is indefiniteness also has the most significant
nibble corresponding to the gray code (1011). The MIDI
status byte representative of the note-on [90xxxx] has
the most significant nibble corresponding to the gray
code (1001). These are frequently generated in a per-
formance. In this situation, the corresponding gray
codes are located in the vicinity of 180 degrees (see
zone B) so as to make the detection of the change in
the data stream DS1 easy.

Circuit Configuration of Signal Modulation Module

[0046] The signal modulation module 12 is hereinbe-
low described in detail with reference to figure 13. Figure
13 shows the circuit configuration of the signal modula-
tion module 12. The signal modulation module 12 in-
cludes a zero-order hold circuit 1202 and a gray code
generator 1203. The zero-order hold circuit 1202 is con-
nected to an input port 1201 of the signal modulation
module 12, and the nibble stream DS1 is supplied from
the input port 1201 to the zero-order hold circuit 1202.
The zero-order hold circuit 1202 latches each data nib-
ble, and maintains the data nibble until the next data
nibble reaches. While the zero-order hold circuit 1202
holds a data nibble, the data nibble is supplied to the
gray code generator 1203. The gray code generator
1203 converts the data nibble to the 4-bit gray code cor-
responding thereto. The 4-bit gray code is representa-
tive of the relative phase as described hereinbefore.

[0047] The signal modulation module 12 further in-
cludes an adder 1204, a modulo function unit 1205 and
a delay circuit 1206. The gray code generator 1203 is
connected to the first input port of the adder 1204, and
the output port of the adder 1204 is connected to the
modulo function unit 1205. The output port of the modulo
function unit 1205 is connected through the delay circuit
1206 to the second input port of the adder 1204. Thus,
the adder 1204, the modulo function unit 1205 and the
delay circuit 1206 form an accumulation loop for produc-
ing a 4-bit data code representative of an absolute
phase from the given 4-bit gray codes representative of
the relative phases. In detail, the modulo function unit
1205 divides the sum by sixteen, and outputs a 4-bit da-
ta code representative of the remainder. The remainder
is representative of the absolute phase. The delay circuit
1206 introduce a time delay into the propagation of the
4-bit data code representative of the remainder from the
modulo function unit 1205 to the second input port of the
adder 1204. The next gray code reaches the first input
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port of the adder 1204, and the remainder is added to
the value of the next gray code. Thus, the values of the
relative phase or the phase differences are accumulated
through the accumulation loop 1204, 1205 and 1206,
and the 4-bit data code representative of the absolute
phase is output from the modulo function unit 1205. The
zero-order hold circuit 1202 and the gray code generator
1203 as a whole constitute a code converter for convert-
ing the binary code to the gray code. The accumulation
loop 1204, 1205 and 1206 serves as a relative phase-
to-absolute phase converter.

[0048] The signal modulation module 11 further in-
cludes a real axis converter 1207 and an imaginary axis
converter 1208 and multipliers 1209 and 1210. The 4-bit
data code representative of the absolute phase is sup-
plied to the real axis converter 1207 and the imaginary
axis converter 1208. The real axis converter 1207 cal-
culates an in-phase component, and outputs a data
code representative of the in-phase component. On the
other hand, the imaginary axis converter 1208 calcu-
lates a quadrature-phase component, and outputs a da-
ta code representative of the quadrature-phase compo-
nent. The data codes are supplied from the real axis
converter 1207 and the imaginary axis converter 1208
to the multipliers 1209 and 1210, respectively.

[0049] The signal modulation module 12 further in-
cludes a cosine wave component generator 1211, a sine
wave component generator 1212, a multiplier 1213, a
clock circuit 1214 and an adder 1215. The clock circuit
1214 generates a time signal representative of the
elapsed time t from the sampling timing. In other words,
the elapsed time is reset at time intervals each equal to
the sampling period. The time signal is supplied from
the clock circuit 1214 to the multiplier 1213. A reference
signal is representative of 2 &t fc where fc is the frequen-
cy of the carrier signal, and is supplied from a signal
source (not shown) to the multiplier 1213. The multiplier
1213 multiplies the value of the reference signal 2r fc
by the elapsed time t, and generates a reference phase
signal 2r fct. The reference phase signal 2r fct is sup-
plied from the multiplier 1213 to the cosine wave com-
ponent generator 1211 and the sine wave component
generator 1212. The cosine wave component generator
1211 generates a cosine wave component signal repre-
sentative of the cosine wave component of the carrier
signal with unitamplitude, and the sine wave component
generator 1212 generates a sine wave component sig-
nal representative of the sine wave component of the
carrier signal with unit amplitude. The cosine wave com-
ponent signal is supplied from the cosine wave compo-
nent generator 1211 to the multiplier 1209, and the in-
phase component is multiplied by the cosine wave com-
ponentin the multiplier 1209. On the other hand, the sine
wave component signal is supplied from the sine wave
component generator 1212 to the multiplier 1210, and
the quadrature-phase component is multiplied by the
sine wave component. The multiplier 1209 outputs a
product signal, and the product signal is supplied to the
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firstinput port of the adder 1215. On the other hand, the
multiplier 1210 outputs a product signal, which is sup-
plied to the second input port of the adder 1215. The
product signals are added to each other in the adder
1215, and the analog audio signal AD1 is supplied from
the adder 1215 to an output port 1216 of the signal mod-
ulation module 11. The real axis converter 1207, the im-
aginary axis converter 1208, the multipliers 1209, 1210,
the cosine wave component generator 1211, the sine
wave component generator 1212, the clock circuit 1214,
the multiplier 1213 and the adder 1215 as a whole con-
stitute a quadrature modulation circuit. Thus, the signal
modulation module 12 is broken down into the code con-
verter 1202/ 1203, the relative phase-to-absolute phase
converter 1204/ 1205/ 1206 and the quadrature modu-
lation circuit 1207/ 1208/ 1209/ 1210/ 1211/1212/1213/
1214/ 1215.

Sound Reproducer

[0050] Turning back to figure 1 of the drawings, the
sound reproducer 30 includes the detector 100 and the
demodulator 30A as described hereinbefore. The detec-
tor 100 and the demodulator 30A are hereinbelow de-
scribed in detail.

Detector

[0051] Figure 14 shows the circuit configuration of the
detector 100. The regenerative signal RG1 is supplied
to signal input ports 100a and 100b. The signal input
port 100 is assigned to the right channel R, and the other
signal input port 100 is assigned to the left channel L.
Thus, the regenerative signal is selectively supplied to
the signal input ports 100a and 100b.

[0052] The detector 100 includes a demodulator 110,
three detectors 120/ 130/ 140/ 170, logic circuits 150/
160 and a status signal generator 180. The demodulator
110 is connected at an input port Carrier to the signal
input port 100a, and tries to reproduce a base-band sig-
nal from the regenerative signal RG1. If the regenerative
signal RG1 contains the pieces of MIDI music data in-
formation modulated through the 16 DPSK, the base-
band signal is to be produced from the regenerative sig-
nal RG1. However, if not, any base-band signal is not
produced from the regenerative signal RG1. The de-
modulator 110 supplies an output signal, i.e. either
base-band or non-base-band signal from an output port
Base to an input port Signal of the detector 120.
[0053] Although the detector 120 is supplied with the
output signal from the demodulator 110, the regenera-
tive signal RG1 assigned the right channel is directly
supplied from the signal input port 100a to an input port
Signal of the detector 130, and the regenerative signal
RG1 assigned the left channel is supplied from the other
signal input port 100b to an input port Signal of the de-
tector 140. The detector 120 checks the output signal to
see whether or not the regenerative signal RG1 was
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modulated through a modulating technique categorized
in the Y-modulation. The detector 120 firstly investigates
the waveform of the base-band/ non-base-band signal.
If the base-band/ non-base-band signal exhibits a cer-
tain waveform, the detector 120 changes a signal at an
output port Trigger to logic "1" level. Subsequently, the
detector 120 checks the waveform to see whether or not
the period is approximately equal to 317.5 x n us. When
the waveform is varied at intervals of 317.5 x n us, the
detector 120 changes a signal at an output port Curr to
logic 1" level. If the positive answer is repeated a pre-
determined times, the detector 120 admits the regener-
ative signal RG1 to be modulated through the modula-
tion technique categorized in the Y-modulation, and
changes a signal at an output port Status to logic "1"
level. When the detector 120 does not admit the regen-
erative signal RG1 assigned the right channel to be
modulated through the modulation technique catego-
rized in the Y-modulation, the detector 120 keeps the
signal in logic "0" level, and the signal indicates that the
regenerative signal RG1 assigned the right channel was
not modulated through the Y-modulation technique.
[0054] The detector 130 checks the regenerative sig-
nal RG1 to see whether or not a modulation technique
categorized in the P-modulation was employed to pro-
duce it. First, the detector 130 investigates the wave-
form of the regenerative signal RG1 assigned the right
channel. If the regenerative signal RG1 is varied along
a certain waveform, the detector 130 changes a signal
at an output port Trigger to logic "1" level. Subsequently,
the detector 130 investigates the period of the regener-
ative signal RG1. When the regenerative signal RG1 is
varied at time intervals approximately equal to 259 us
or 129.5 us, the detector 130 changes a signal at an
output port Curr to logic "1" level. Finally, the detector
130 counts the positive answer. If the regenerative sig-
nal RG1 exhibits the period of either 259 or 129.5 us a
predetermined times, the detector 130 admits the re-
generative signal RG1 to be modulated through the
modulation technique categorized in the P-modulation,
and changes a signal at an output port Status to logic
"1" level. When the detector 130 does not admit the re-
generative signal RG1 assigned the right channel to be
modulated through the P-modulation technique, the de-
tector 130 keeps the signal in logic "0" level, and the
signal indicates that the regenerative signal RG1 as-
signed the right channel was not modulated through the
P-modulation technique.

[0055] The detector 140 checks the regenerative sig-
nal RG1 assigned the left channel to see whether or not
amodulation technique categorized in the Q-modulation
was employed to produce it. First, the detector 140 in-
vestigates the waveform of the regenerative signal RG1
assigned the left channel. If the regenerative signal RG1
is varied along a certain waveform, the detector 140
changes a signal at an output port Trigger to logic "1"
level. Subsequently, the detector 140 investigates the
period of the regenerative signal RG1. When the regen-
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erative signal RG1 is varied at time intervals approxi-
mately equal to 145 us, 290 us, 581 us or 3855 us, the
detector 140 changes a signal at an output port Curr to
logic "1" level. Finally, the detector 140 counts the pos-
itive answer. If the regenerative signal RG1 exhibits the
period of either 145 us, 290 us, 581 us or 3855 us a
predetermined times, the detector 140 admits the re-
generative signal RG1 to be modulated through the
modulation technique categorized in the Q-modulation,
and changes a signal at an output port Status to logic
"1" level. When the detector 140 does not admit the re-
generative signal RG1 assigned the right channel to be
modulated through the Q-modulation technique, the de-
tector 140 keeps the signal in logic "0" level, and the
signal indicates that the regenerative signal RG1 as-
signed the right channel was not modulated through the
Q-modulation technique.

[0056] The three detectors 120, 130 and 140 are con-
nected through the output ports Trigger to three input
nodes of the logic gate 150. The logic gate 150 carries
out OR operation. When at least one of the detectors
120, 130 and 140 notices the base-band/ regenerative
signal varying the potential level along the certain wave-
form, the logic circuit 150 changes the output signal to
logic "1" level, and supplies the output signal to an input
port Trigger of the detector 170. The three detectors
120, 130 and 140 are further connected through the sig-
nal ports Curr to three input nodes of the logic circuit
160. The logic circuit 160 carries out the NOR operation.
When neither base-band signal nor regenerative signal
RG1 has the predetermined period, the logic circuit 160
changes the output signal to logic "1" level, and supplies
the output signal to an input port Audio of the detector
170. In other words, when the detectors 120, 130 and
140 do not admit the regenerative signal RG1 assigned
both right and left channels not to be produced through
any one of the Y-modulation technique, P-modulation
technique and Q-modulation technique, the logic circuit
160 supplies the output signal of logic "1" level repre-
sentative of a signal not containing any MIDI music data
words to the input port Audio of the detector 170.
[0057] The detector 170 changes a signal at an output
port Status to logic "1" level in the concurrent presence
of the signals of logic "1" level at the input ports Trigger
and Audio. The output signal of logic "1" level at the port
Status is representative of the regenerative signal RG1
not containing any MIDI data word. In other words, the
detector 170 changes the signal to logic "1" level on the
following conditions. The first condition is that the base-
band signal or the regenerative signal RG1 assigned ei-
ther right or left channel changes the potential level
along the certain waveform, i.e., at least one of the de-
tectors 120, 130 or 140 changes the signal at the output
port Trigger to logic "1" level. The second condition is
that the regenerative signal RG1 assigned the right and
left channels was not modulated through any one of the
Y-modulation technique, P-modulation technique and
Q-modulation technique, i.e., all the detectors 120, 130

10

15

20

25

30

35

40

45

50

55

11

and 140 have not admitted the regenerative signal RG1
assigned both right and left channels to be produced
through the modulation techniques for the time period.
[0058] Though not show in figure 14, the signal input
ports 100a/ 100b are further connected to a detector,
which detects the regenerative signal RG1 representing
silence. When the silent status is continued for a prede-
termined time, the detector resets the detectors 120,
130, 140 and 170. Then, the detectors 120, 130, 140
and 170 change the signals at the output ports Curr and
the signals at the output ports Status to the logic "0" lev-
el.

[0059] The detectors 120, 130, 140 and 170 supply
the signals from the output ports Status to the status
signal generator 180. The status signal generator 180
produces the status signal S1 from the four signals, and
supplies the status signal S1 to the demodulator 30A.

Demodulator

[0060] Figure 15 shows the circuit configuration of the
demodulator 110. The demodulator 110 includes the sig-
nal input port 110a, an amplifier 110b, a sine wave gen-
erator 110c, a multiplier 110d, a low-pass filter 110e and
a signal output port 110f. The regenerative signal RG1
is supplied to the signal input port 110a, and is trans-
ferred to the amplifier 110b. The regenerative signal
RG1 is increased in magnitude by the amplifier 110b,
and the amplified signal is supplied to the first input port
of the multiplier 110d. The sine wave generator 110c
produces a sine wave signal, and supplies the sine wave
signal to the second input port of the multiplier 110d. The
sine wave signal is equal in frequency to the carrier sig-
nal. In this instance, the carrier frequency is 6.3 kHz,
and, accordingly, the sine wave signal is produced at
6.3 kHz. The amplified signal is multiplied with the sine
wave signal, and the multiplier 110b produces an output
signal representative of the product, and supplies the
output signal to the low-pass filter 110e. The low-pass
filter 110e is implemented by 14t -order cosine roll-off
filter, and fc is 6.3 kHz. The output signal of the multiplier
110d is filtered, and the base-band signal is extracted
therefrom, if any.

Detector 120

[0061] Figure 16 shows the circuit configuration of the
detector 120. The detector 120 has an input port 120a
and output ports 120d, 120e and 120f, and a zero-cross-
ing detector 120b and an interval discrimination circuit
120c are connected between the input port 120a and
the output ports 120d/ 120e/ 120f. The zero-crossing de-
tector 120b exhibits hysteresis characteristics. The
base-band/ non-base-band signal is supplied from the
output port Base to the input port 120a, and is trans-
ferred to the zero-crossing detector 120b. The zero-
crossing detector 120b checks the base-band/ non-
base-band signal to see whether or not the potential lev-
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el exhibits the certain waveform at time intervals equal
to the sampling period. Half-amplitude levels are deter-
mined with respect to the zero level. When the demod-
ulator 110 changes the base-band/ non-base-band sig-
nal from a positive level over the half-amplitude level to
a negative level under the other half-amplitude level in
the time interval, the zero-crossing detector admits the
certain waveform, and produces the signal of logic "1"
level at the output node thereof. On the other hand, if
the base-band/ non-base-band signal is not changed
across the half-amplitude levels, the zero-crossing de-
tector 120b does not admit the certain waveform, and
keeps the signal in logic "0" level. The zero-crossing de-
tector 120b supplies the signal from the output node
thereof to the output port 120d and the input port Trigger
of the interval discriminating circuit 120c.

[0062] The interval discriminating circuit 120c in-
cludes the first counter responsive to the sampling clock
signal so as to increment the value stored therein. The
value is reset to zero when the signal of logic "1" level
reaches the input port Trigger thereof. While the zero-
crossing detector 120b is keeping the signal in logic "0"
level, the counter increments the value at the sampling
timing. This means the first counter measures the period
of the base-band/ non-base-band signal. When the ze-
ro-crossing detector 120b changes the signal to logic
"1" level, the interval discriminating circuit 120c checks
the value to see whether or not the base-band/ non-
base-band signal is varied at the time intervals approx-
imated to 317.5 x n us. If the answer is given affirmative,
the interval discriminating circuit 120c changes the sig-
nal at the output port Curr to logic "1" level. The interval
discriminating circuit 120c further has the second coun-
ter. If the signal at the output port Curr is in logic "0" level
at the sampling timing, the second counter is preset to
the predetermined value. On the other hand, if the signal
at the output port Curr is in logic "1" level, he predeter-
mined value is decremented. When the second counter
reaches zero, the interval discriminating circuit 120c de-
cides that the regenerative signal RG1 was modulated
through the Y-modulation technique, and changes the
signal at the output port Status to logic "1" level.
[0063] The sampling period is assumed to be 22.68
us. When the zero-crossing detector 120b changes the
signal at the output port Trigger to logic "1" level, the
interval discriminating circuit 120c divides the value
stored in the first counter by 14, and checks the calcu-
lating result to see whether or not the remainder is any
one of 13, 0 and 1. The remainders "13", "0" and "1" are
resulted from equations (22.68 us X (14n-1) = (317.5n
-22.68) us), (22.68 us X 14n =317.5 us) and (22.68 us
X (14n + 1) = (317.5n + 22.68) us) where n is a natural
number. If the remainder is either 13, 0 or 1, the base-
band signal has the edge-to-edge interval equivalent to
317.5 x n us.

[0064] The predetermined value is assumed to be 8.
The second counter is preset to 8. When the remainder
is 13, 0 or 1, the predetermined value is decremented
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by 1. If the division continuously results in the remainder
13, 0 or 1 eight times, the second counter reaches zero,
and the interval discriminating circuit 120c decides that
the regenerative signal RG1 was modulated through the
Y-modulation technique.

Detectors 130/ 140

[0065] The detectors 130 and 140 are similar in circuit
configuration to the detector 120, and the detectors 120,
130 and 140 are responsive to the sampling clock sig-
nal. The regenerative signal RG1 assigned the right
channel and the left channel is directly supplied to the
detectors 130 and 140. The zero-crossing detectors of
the detectors 130/ 140 are different in detecting level
from the zero-crossing detector 120b incorporated in the
detector 120, and the interval discriminating circuits of
the detectors 130/ 140 are different in criteria for the pe-
riod and the preset value from the interval discriminating
circuit 120c.

[0066] The sampling period is assumed to be 22.68
us. The interval discriminating circuit of the detector 130
behaves as follows. The first counter is incremented in
response to the sampling clock signal. When the signal
at the port Trigger is changed to logic "1" level, the in-
terval discriminating circuit of the detector 130 checks
the first counter to see whether or not the value stored
thereinis equalto 5, 6, 11 or 12. If the answer is positive,
the interval discriminating circuit decides that the edge-
to-edge interval is equal to 129.5 us or 259 us, and the
interval discriminator changes the signal at the port Curr
to logic "1" level. The second counter is preset to 16,
and the value stored in the second counter is decre-
mented by one when the first counter outputs the signal
of logic "1" level to the port Curr. When the value stored
in the second counter reaches zero, the interval discrim-
inator decides that the regenerative signal RG1 was
modulated through the P-modulation technique.

[0067] The sampling period is also assumed to be
22.68 us. The interval discriminating circuitincorporated
in the detector 140 behaves as follows. The first counter
is also incremented in response to the sampling clock
signal. When the signal at the port Trigger is changed
to logic "1" level, the interval discriminating circuit of the
detector 140 checks the first counter to see whether or
not the value stored therein is equal to 6, 7, 12, 13, 14,
26,27 or 166 to 174. If the answer is positive, the interval
discriminating circuit decides that the edge-to-edge in-
terval is equal to 145 us, 290 us, 581 us or 3855 us, and
the interval discriminator changes the signal at the port
Curr to logic "1" level. The second counter is also preset
to 16, and the value stored in the second counter is dec-
remented by one when the first counter outputs the sig-
nal of logic "1" level to the port Curr. When the value
stored in the second counter reaches zero, the interval
discriminator decides that the regenerative signal RG1
was modulated through the Q-modulation technique.
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Software Implementation

[0068] The interval discriminating circuits of the de-
tectors 120, 130 and 140 may be implemented by soft-
ware. In this instance, the detector 100 includes a mi-
croprocessor, a program memory, a working memory,
an interface and a bus system connected to the other
components. Figures 17A and 17B shows a computer
program running on the microprocessor. In the flow-
charts shown in figures 17A and 17B and the following
description, a constant and a variable are expressed as
" X"and"_x", which are common for the three detectors
120, 130 and 140. When focusing the description and
the flowcharts on the detector 120, "_X" and "_x" are to
be read as "_Y" and "_y". Similarly, when focusing the
description and the flowcharts on the detector 130 or
140, "_X"and "_x" are to be read as "_P" and "_p" or
"_Q"and"q".

[0069] Inthe flowcharts, mes_x and cont_x are corre-
sponding to the value stored in the first counter and the
value stored in the second counter. Flags "Status" and
"Curr" are corresponding to the ports Status and Curr,
respectively.

[0070] First, an initialization is carried out as shown in
figure 17A. The microprocessor prohibits itself from in-
terruptions as by step S101, and the flag "Status" is re-
set as by step S102. Subsequently, the microprocessor
makes the variable cnt_x equal to constant_X as by step
S103, and changes the variable mes_x to zero as by
step S104. Finally, the microprocessor allows itself to
accept the interruption as by step S105.

[0071] After the interruption is allowed. The micro-
processor repeats the program sequence shown in fig-
ure 17B at every interruption. The interruption takes
place at intervals of 22.67 us. When the interruption
takes place, the microprocessor checks the interface to
see whether or not the signal at the interface corre-
sponding to the port Trigger is in logic "1" level as by
step S201. If the signal still stays in logic "0" level, the
microprocessor proceeds to step S210, and the variable
mes_x is incremented by one.

[0072] On the other hand, when the microprocessor
finds the signal to be in logic "1" level, the microproces-
sor checks the variable mes_x to see whether or not the
variable is equal to any one of the values unique to the
given modulation technique, i.e., the Y-modulating tech-
nique, the P-modulating technique or the Q-modulating
technique as by step S202. The values unique to the Y-
modulating technique are equivalent to the remainders
"13","0" and "1".

[0073] If the variable mes_x is different from the val-
ues unique to the given modulation technique, the mi-
croprocessor keeps the flag Curr zero representative of
false as by step S207, and makes the variable cnt_x
equal to the constant COUNT_X as by step S208.
Thereafter, the microprocessor resets the variable
mes_x to zero as by step S206, and adds one to the
variable mes_x at step S210.
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[0074] On the other hand, when the variable mes_x
is equal to any one of the values unique to the given
modulating technique, the answer at step S202 is given
affirmative, and the microprocessor changes the flag
Curr to "1" representative of true as by step S203. The
microprocessor checks the variable cnt_x to see wheth-
er or not the variable has reached zero as by step S204.
If the unique values have been repeated, the microproc-
essor admits the regenerative signal was modulated
through the given modulating technique, and the answer
at step S204 is given affirmative. Then, the microproc-
essor raises the flag "Status" as by step S209. On the
other hand, if the unique values have not been repeated
the predetermined times equal to the constant
COUNT_X, the answer at step S204 is given negative,
and the microprocessor decrements the variable cnt_x
by one as by step S205.

[0075] Upon completion of the job at either S205 or
S209, the microprocessor changes the variable mes_x
to zero at step S206, and increments the variable mes_x
by one at step S210.

[0076] The detector 170 may be also implemented by
software. Figures 18A and 18B show a computer pro-
gram realizing the function of the detector 170. Variable
cnt_a is indicative of the number of interruptions. The
interruption takes place at intervals of 22.67 us. A timer
is implemented by a counter. The timer automatically in-
crements the value stored therein, and the unit time is
equal to 22.67 ps.

[0077] First, the microprocessor carries out an initial-
ization as shown in figure 18A. The microprocessor pro-
hibits itself from the interruption as by step S301. Sub-
sequently, the microprocessor resets the flag "Status"
as by step S302, and makes the variable cnt_a equal to
a constant COUNT_A such as, for example, 32 as by
step S303. The microprocessor starts the timer as by
step S304, and the timer automatically increments the
lapse of time. Finally, the microprocessor allows itself to
accept the interruptions as by step S305.

[0078] The interruption takes place at intervals of
22.67 pus. When the interruption takes place, the micro-
processor checks the interface corresponding to the in-
put ports 100a/ 100b to see whether or not the regener-
ative signal RG1 represents sound as by step S401. If
the microprocessor finds the regenerative signal to be
representative of silence, the answer at step S401 is giv-
en negative, and the microprocessor resets the timer as
by step S408, and makes the variable cnt_a equal to the
constant COUNT_A as by step S409. The microproces-
sor checks the timer to see whether or not the value has
been incremented for a predetermined time period as
by step S410. The timer may be expected to increment
the value by 4000. Since the timer was reset at step
S408, the answer at step S410 is given negative, and
the microprocessor exits from the routine shown in fig-
ure 18B.

[0079] On the other hand, when the regenerative sig-
nal RG1 is representative of sound, the answer at step
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S401 is given affirmative, and the microprocessor
checks the interface corresponding to the port "Trigger",
i.e., the output signal of the logic gate 150 to see whether
or not the signal is in logic "1" level as by step S402. If
the answer at step S402 is given negative, the micro-
processor proceeds to step S410, and checks the timer
to see whether or not the value has been incremented
for the predetermined time at step S410. If the answer
at step S410 is given affirmative, the microprocessor
sets the flag "Status" as by step S411. The microproc-
essor stops the timer and resets it as by step S412.
[0080] On the other hand, If the answer at step S402
is given affirmative, the microprocessor checks the in-
terface corresponding to the port "Audio", i.e., the output
signal of the logic gate 160 to see whether or not the
signal is in logic "1" level as by step S403. If the answer
at step S403 is given negative, the microprocessor
makes the variable cnt_a equal to constant COUNT_A
as by step S407, and proceeds to step S410.

[0081] On the contrary, if the answer at step S402 is
given affirmative, the microprocessor checks the varia-
ble cnt_ato see whether or not the variable reaches zero
as by step S404. If the variable cnt_a has already
reached zero, the answer at step S404 is given affirm-
ative, and the microprocessor sets the flag "Status". On
the other hand, if the answer at step S404, the micro-
processor decrements the variable cnt_a by one, and
proceeds to step S410.

Demodulator 30A

[0082] Turning back to figure 1 of the drawings, the
functions of the demodulator 30A are equivalent to a sig-
nal demodulating module 31 and a data converting mod-
ule 32. In other words, figure 1 shows a hardware im-
plementation of the demodulator 30A. The sound re-
corder 10 is assumed to employ a modulation technol-
ogy categorized in the Y-modulation to produce the an-
alog audio signal AD1. The detector 100 supplies the
status signal representative of the Y-modulation tech-
nique to the demodulator 30A. The demodulating mod-
ule 31 reproduces a nibble stream DS2 from the regen-
erative signal RG1 by using a demodulating technique
corresponding to the Y-modulating technique, and sup-
plies the nibble stream DS2 to the data converting mod-
ule 32. The nibble stream DS2 is equivalent to the nibble
stream DS1. The data converting module 32 eliminates
the synchronous nibbles from the nibble stream DS2,
and reproduces the MIDI data words. The MIDI data
words are supplied to the tone generator (not shown),
and the analog audio signal is produced from the MIDI
data words.

Signal Demodulating Module

[0083] Figure 19 shows the circuit configuration of the
signal demodulating module 31. The signal modulating
module 31 has plural function planes 310 to 31x. The
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plural functional planes 310 to 31x are assigned to de-
modulation techniques different from one another. In
this instance, the functional plane 310 is assigned to the
demodulation technique corresponding to the Y-modu-
lation technique using the 16 DPSK. Another functional
plane is assigned to a demodulation technique corre-
sponding to the P-modulation technique, and yet anoth-
er functional plane is assigned to a demodulation tech-
nique corresponding to the Q-modulation technique.
The signal demodulation module 31 is responsive to the
status signal S1 for selectively activating the plural func-
tion planes 310 to 31x. The status signal S1 is assumed
to represent the 16 DPSk. The function plane 310 is ac-
tivated. The function plane 310 is described hereinbe-
low in detail.

[0084] The function plane 310 includes a synchro-
nous detector 312, a coordinate transformation circuit
313, atrigger signal generator 314, a phase-locked loop
315 and a reverse mapping circuit 316. The regenera-
tive signal RG1 is supplied from an input port 311 to a
signal input terminal 312b of the synchronous detector
312. The phase locked loop 315 supplies a cosine wave
component signal representative of the cosine wave
component of an oscillation signal and a sine wave com-
ponent signal representative of the sine wave compo-
nent of the oscillation signal to signal input terminals
312a and 312c, respectively. The cosine wave compo-
nent and the sine wave component are representative
of a waveform corresponding to the carrier signal, and
the phase locked loop 315 controls the frequency of the
oscillation signal so as to match the phase of the wave-
form with the phase of the carrier signal. The synchro-
nous detector 312 extracts a series of momentary points
from the regenerative signal RG1, and determines areal
part of each momentary point and an imaginary part of
the momentary point. The synchronous detector 312
outputs an output signal representative of the real part
and another output signal representative of the imagi-
nary part from signal output terminals 312i and 312, re-
spectively. The real part and the imaginary part are in-
dicative of the momentary point of the regenerative sig-
nal RG1 in the quadrature coordinate system, and, ac-
cordingly, are the coordinates in the quadrature coordi-
nate system. The output signal representative of the real
part and the output signal representative of the imagi-
nary part are supplied from the signal output terminals
312i and 312j to both of the coordinate transformation
circuit 313 and the trigger signal generator 314.

[0085] The trigger signal generator 314 is responsive
to the output signals of the synchronous detector 312
for generating a trigger signal indicative of a synchro-
nous timing. The trigger signal is supplied from the sig-
nal output terminal 314k to the coordinate transforma-
tion circuit 313. The coordinate transformation circuit
313 is responsive to the trigger signal for convert the
coordinates in the quadrature coordinate system to cor-
responding coordinates in a polar coordinate system.
One of the coordinates is indicative of the angle between
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zero to 2w in the polar coordinate system. The coordi-
nate transformation circuit 313 produces an output sig-
nal representative of the angle, and supplies the output
signal from the signal output terminal 313h to the re-
verse mapping circuit 316. The angle of the momentary
point may be different from one of the sixteen angular
positions (see figure 12). The coordinate transformation
circuit 313 further determines an error component intro-
duced in the angle through a frequency multiplication
technique, and produces another output signal repre-
sentative of the error component. The coordinate trans-
formation circuit 313 supplies the output signal repre-
sentative of the error component from another signal
output terminal 313i to a control terminal of the phase
locked loop 315. The phase locked loop 315 is respon-
sive to the output signal representative of the error com-
ponent so as to correct the phase of the waveform.
[0086] The reverse mapping circuit 316 is responsive
to the trigger signal so as to convert the approximate
angle to a 4-bit data nibble corresponding to the 4-bit
gray code at the approximate angle. Thus, the function
plane 310 restores the carrier signal on the basis of the
regenerative signal RG1, and reproduces the series of
data nibbles also from the regenerative signal RG1
through the coordinate transformation from the quadra-
ture coordinate system to the polar coordinate system
and through the data conversion from the approximate
angle to the data nibble. In this instance, the signal de-
modulation module 31 is broken down into a carrier re-
storing circuit 312/ 313/ 315, a data converter 312/ 313/
314 for converting the quadrature data to the angular
data and another data converter 316 for converting the
angular data to the data nibble.

[0087] Figure 20 shows the circuit configuration of the
synchronous detector 312. The synchronous detector
312 has the three signal input terminals 312a/ 312b/
312c and the two signal output terminals 312i/312j, and
an amplifier 312d, multipliers 312e/ 312f and cosine roll-
off filters 312g/ 312h are connected between the signal
input terminals 312a/ 312b/ 312c and the signal output
terminals 312i/ 312j. The cosine roll-off filter 312g is pro-
vided for the real part (R), and the other cosine roll-off
filter 312h is provided for the imaginary part (I). The re-
generative signal RG1 is supplied from the signal input
terminal 312b through the amplifier 312d to both of the
multipliers 312e/ 312f. The cosine wave component sig-
nal is supplied from the signal input terminal 312a to the
multiplier 312e, and the multiplier 312e carries out the
multiplication between the value of the regenerative sig-
nal RG1 and the value of the cosine wave component
signal for producing an output signal representative of
the product. On the other hand, the sine wave compo-
nent signal is supplied form the signal input terminal
312c to the multiplier 12f, and the multiplier 312f carries
out the multiplication between the value of the regener-
ative signal RG1 and the value of the sine wave com-
ponent signal for producing an output signal represent-
ative of the product.
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[0088] The outputsignalis supplied from the multiplier
312e to the cosine roll-off filter 312g, and the other out-
put signal is supplied from the multiplier 312f to the other
cosine roll-off filter 312h. The cosine roll-off filters 312g/
312h have the roll-off ratio o of 1.0. The cosine roll-off
filters 3129/ 12h restrict the frequency of the base band,
and extracts the real part and the imaginary part. The
cosine roll-off filters 312g/ 312h produces the output sig-
nal representative of the real part and the output signal
representative of the imaginary part, and supplies the
output signals to the signal output terminals 312i/ 312j,
respectively.

[0089] Figure 21 shows the circuit configuration of the
coordinate transformation circuit 313. The coordinate
transformation circuit 313 has the signal input terminals
313a/ 313b respectively assigned to the output signals
of the synchronous detector 312 and the signal output
terminals 313h/ 313i assigned to the output signal rep-
resentative of the angle and the output signal represent-
ative of the error component. A coordinate transformer
313c, a multiplication/ division circuit 313d, a modulo
function circuit 313e, a source 313f of constant and an
addition/ subtraction circuit 313g are connected be-
tween the signal input terminals 313a/ 313b and the sig-
nal output terminals 313h/ 313i.

[0090] The real part and the imaginary part are the
coordinates assigned to a point in the quadrature coor-
dinate system, and the coordinate transformer 313c is
responsive to the trigger signal so as to convert the co-
ordinates in the quadrature coordinate system to the
corresponding coordinates in the polar coordinate sys-
tem. One of the coordinates in the polar coordinate sys-
tem is representative of the angle of the momentary
point, and the coordinate transformer 313c supplies the
output signal representative of the angle to the signal
output terminal 313h.

[0091] The output signal representative of the angle
is further supplied to the multiplication/ division circuit
313d, and the angle is multiplied by 16/2 &. The product
ranges from zero to sixteen. The multiplication/ division
circuit 313d produces an output signal representative of
the product, and supplies the output signal to the modulo
function circuit 313e. The product usually consists of an
integer and a decimal. The modulo function circuit 313e
produces an output signal representative of the decimal,
and supplies the output signal to the addition/ subtrac-
tion circuit 313g. The source of constant 313f supplies
an output signal representative of 0.5 to the addition/
subtraction circuit 313g, and 0.5 is subtracted from the
decimal. The addition/ subtraction circuit 313g produces
an output signal representative of the difference, and
supplies the output signal to the signal output terminal
313i. Thus, the phase is multiplied by sixteen, and the
piece of symbol information is degenerated through the
modulo function unit 313e for extracting the error. This
data processing is known as the frequency multiplica-
tion technique.

[0092] Figure 22 shows the reverse mapping circuit
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316. The reverse mapping circuit 316 has the signal in-
put terminal 316a and the signal output terminal 316f,
and a multiplication/ division circuit 316b, a delay circuit
316¢, an addition/ subtraction circuit 316d, a modulo
function circuit 316g and a data converter 316e are con-
nected between the signal input terminal 316a and the
signal output terminal 316f. The output signal represent-
ative of the angle is supplied from the signal input ter-
minal 316a to the multiplication/ division circuit 316b,
and the angle is multiplied by 16/ 2n. The angle ranges
from zero to 2 &, and the product ranges from zero to
sixteen. The multiplication/ division circuit 316b produc-
es an output signal representative of the product, and
supplies the output signal to the delay circuit 316 and
the addition/ subtraction circuit 316d. The delay circuit
316c¢ introduces a time delay into the propagation of the
output signal, and the product is subtracted from the
next product. This means the data conversion from the
absolute phase to the relative phase. The addition/ sub-
traction circuit 316d produces an output signal repre-
sentative of the difference between the product and the
next product, i.e., the relative phase, and supplies the
output signal to the modulo function circuit 316g. The
difference is divided by sixteen, and the modulo function
circuit 316g produces an output signal representative of
the remainder obtained through the division. The output
signal is supplied from the modulo function circuit 316g
to the data conversion circuit 316e. The gate conversion
circuit 316e carries out the reverse data conversion from
the gray code to the corresponding data nibble, and sup-
plies the data nibble to the signal output terminal 316f.
Thus, the signal demodulation circuit 31 restores the
nibble stream DS2 on the basis of the regenerative sig-
nal RG1.

[0093] Figure 23 shows the circuit configuration of the
trigger signal generator 314. The output signals repre-
sentative of the real part and the imaginary part are sup-
plied to the signal input terminals 314a and 314b, re-
spectively. The trigger signal generator 314 further in-
cludes a delay circuit 314c¢, an addition/ subtraction cir-
cuit 314d, an absolutizing circuit 314e, a threshold gen-
erator 314f, a comparator 314g, an edge detector 314h,
a clock generator 314i and a counter 314;.

[0094] The output signal representative of the real
partis supplied to the delay circuit 314c¢ and the addition/
subtraction circuit 314d. The delay circuit 314cintroduc-
es a time delay into the propagation of the real part, and
supplies the real part to the addition/ subtraction circuit
314e. The real part and the next real part reach the ad-
dition/ subtraction circuit 314d, and the value of the real
part is subtracted from the value of the next real part.
The addition/ subtraction circuit 314d produces an out-
put signal representative of the difference, and supplies
the output signal to the absolutizing circuit 314e. The
absolutizing circuit 314e determines the absolute value
of the difference, and produces an output signal repre-
sentative of the absolute value. The output signal rep-
resentative of the absolute value is supplied from the
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absolutizing circuit 314e to the comparator 314g. The
threshold generator 314f supplies an output signal rep-
resentative of a threshold to the comparator 314g, and
the comparator 314g compares the absolute value with
the threshold to see whether the absolute value exceeds
the threshold. When the absolute value exceeds the
threshold, the comparator 3149 raises an output signal
at the output node thereof. The output signal is supplied
form the comparator 314g to the edge detector 314h.
The edge detector 314h monitors the output signal of
the comparator 314g to see whether or not the compa-
rator 3149 raises the output signal. When the edge de-
tector 314h detects the leading edge of the output sig-
nal, the edge detector 314h changes a reset signal to
active level, and supplies the reset signal to the reset
node of the counter 314j. The clock generator 314i gen-
erates a clock signal equal in frequency to the sampling
clock signal, and supplies the clock signal to the clock
node of the counter 314j. In this instance, the sampling
clock signal is 44100 kHz, and, accordingly, the clock
signal is 44100 kHz. The carrier frequency is 6300 Hz.
The sampling clock frequency is seven times larger than
the carrier frequency. The up-counter 314i increments
the count from zero to six, and returns to zero. Thus, the
counter 314i reiterates the loop between zero to six. Af-
ter the counter 314j is reset with the reset signal, the
counter 314j increments the count stored therein. When
the count reaches a predetermined value at the inter-
mediate point in the loop, the counter 314j changes the
trigger signal to the active level, and the trigger signal
is supplied to the coordinate transforming circuit 313
and the reverse mapping circuit 316.

[0095] Figure 24 shows the circuit configuration of the
phase-locked loop 315. The phase locked loop 315 in-
cludes a loop filter 315b, a loop gain amplifier 315¢, a
source of constant 315d, an adder 315e and a voltage-
controlled oscillator 315f. The source of constant 315d
produces an output signal representative of a value cor-
responding to the carrier frequency of 6300 Hz. The out-
put pulse signal representative of the error component
is supplied from the signal input terminal 315a to the
loop filter 315b. The loop filter 315b is implemented by
a low boost filter, which has a predetermined cut-off an-
gular frequency wc. The output pulse signal is filtered
by the loop filter 315b. The frequency components equal
to or greater than the cut-off angular frequency wc are
output at gain equal to 1, and the frequency components
less than the cut-off angular frequency wc are output at
gain greater than 1. The output signal of the loop filter
315b is amplified by the loop gain amplifier 315¢, and
the value of the output signal is added to the contact
value corresponding to the carrier frequency of 6300 Hz
by the adder 315e. The adder 315e produces an output
signal representative of the sum, and supplies the out-
put signal to the control node of the voltage-controlled
oscillator 315f. The voltage-controlled oscillator 315f is
responsive to the potential level at the control node
Freq, and produces the oscillation signal at a frequency
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corresponding to the potential at the control node. The
cosine wave component and the sine wave component
are extracted from the oscillation signal, and produce
the output signal representative of the cosine wave com-
ponent and the output signal representative of the sine
wave component. The voltage-controlled oscillator 315f
supplies the output signals to the synchronous detector
312.

Data Converting Module

[0096] On the other hand, the data converting module
32 is equivalent to a data converter 323 accompanied
with a program memory 324 as shown in figure 25. The
data converter 323 is implemented by a data processor,
and the data processor runs on a computer program
stored in the program memory 324 for restoring the MIDI
data words. The data converter 323 checks the nibble
stream DS2 to see whether or not any one of the nibbles
is identical in bit string with the synchronous nibble. If
the nibble is identical in bit string with the synchronous
data nibble, the data converter 323 ignores the nibble,
and, accordingly, the synchronous data nibble or nibbles
are eliminated from the nibble stream DS2. The data
converter 323 further checks the nibble stream DS2 to
see whether or not any one of the nibbles is identical in
bit string with the nibble forming a part of the quasi MIDI
status code. If the answer is given negative, the data
converter 323 determines the number of the MIDI data
bytes, and integrates the MIDI status byte with the MIDI
data bytes for reproducing the MIDI music data word.
On the other hand, if the answer is given affirmative, the
data converter 323 replaces the nibble with an appro-
priate nibble so as to restore the MIDI status byte. The
data converter 323 determines the number of MIDI data
bytes, and integrates the MIDI status byte with the MIDI
data bytes for reproducing the MIDI music data word.
[0097] The jobs are detailed with reference to figure
26. Figure 26 shows the computer program. The data
converter 323 sequentially fetches the programmed in-
structions from the program memory 324. The data
processor 323 takes out the quasi MIDI music data
words from the nibble stream DS2 through execution of
the computer program, and reproduces the MIDI music
data words from the quasi MIDI music data words as
described hereinbelow in detail.

[0098] The nibble stream DS2 is assumed to contain
a nibble string D1 to D10, D11 to D19 and D21 to D26
shown in figures 27A, 28A and 29A. The data converter
323 starts the execution at step SB1. The nibble string
D1 to D10 contains a quasi MIDI data word QM10 equiv-
alent to hexadecimal number [904FOF], and the other
data nibbles D1, D2, D9 and D10 are the synchronous
data nibbles [F]. The nibble string D11 to D19 contains
another quasi MIDI data word QM11 equivalent to hex-
adecimal number [C4020], and the nibble string D21 to
D26 contains yet another quasi MIDI data word QM12
equivalent to hexadecimal number [CA]. Other data nib-
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bles D11, D12, D18, D19, D21, D22, D25 and D26 are
the synchronous nibbles [F].

[0099] The data converter 323 checks the data input
port thereof to see whether or not any data nibble reach-
es the data input port as by step SB2. Before the signal
demodulating module 31 restores the nibble stream
DS2, the nibble stream DS2 does not reach the data
input port of the data converter 323, and the answer at
step SB2 is given negative. The data converter 323
checks the data input port for the nibble stream DS2,
again. Thus, the data converter 323 repeatedly exe-
cutes the step SB2 until reception of the nibble stream
DS2.

[0100] When the first data nibble D1 reaches the data
input port, the answer at step SB2 is changed to the pos-
itive answer, and the data converter 323 proceeds to
step SB3. The data converter 323 checks the received
data nibble to see whether or not the received data nib-
ble is the synchronous nibble [F] at step SB3. The first
data nibble D1 is equivalent to hexadecimal number [F],
and serves as the synchronous data nibble. Then, the
data converter 323 makes a decision that the received
nibble D1 is to be ignored as by step SB4, and returns
to the step SB2. Thus, the data converter 323 eliminates
the synchronous nibble [F] from the nibble stream DS2
through the loop consisting of steps SB2, SB3 and SB4,
and, accordingly, a data processing for eliminating the
synchronous nibble [F] is achieved through the loop
consisting of steps SB2 to SB4.

[0101] Subsequently, the second data nibble D2
reaches the data converter 323, and the data converter
323 also decides to ignore the second data nibble D2
through the loop consisting of steps SB2, SB3 and SB4.
[0102] When the third data nibble D3 reaches the data
converter 323, the answers at steps SB2 is given affirm-
ative, but the answer at step SB3 is given negative.
Then, the data converter 323 checks the received data
nibble to see whether or not the received data nibble is
equivalent to hexadecimal number [C] as by step SB5.
The third data nibble is equivalent to hexadecimal
number [9], and the answer at step SBS is given nega-
tive. The data converter 323 decides that the third data
nibble D3 is the most significant nibble of the received
quasi MIDI data word QM10.

[0103] Withthe positive decision at step SB6, the data
converter 323 proceeds to step SB20, and checks the
data input port to see whether or not the next data nibble
reaches there. While the next data nibble does not ap-
pear, the data converter 323 repeatedly checks the data
input port for the next data nibble, and waits for it. When
the next data nibble reaches the data input port, the an-
swer at step SB20 is given affirmative, and the data con-
verter 323 determines that the received data nibble and
the previous data nibble form the MIDI status byte as by
step SB21. In this instance, the fourth data nibble D4 is
equivalent to hexadecimal number [0], and the data con-
verter 323 determines the MIDI status byte is equivalent
to hexadecimal number [90]. The data converter 323 de-
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termines that the first data nibble except [C] immediately
after the synchronous data nibble [F] is the first data nib-
ble of the MIDI status byte in the data stream DS2
through the data processing at steps SB5, SB6, SB20
and SB21.

[0104] The MIDI standards define the number of the
MIDI data bytes to follow the MIDI status byte, and the
data converter 323 has a list defining the relation be-
tween the MIDI status bytes and the associated MIDI
data bytes. The data converter 323 checks the list for
the MIDI data bytes to follow the MIDI status byte [90],
and finds that two MIDI data bytes are to follow as by
step SB22. The data converter 323 receives the data
nibbles D5, D6, D7 and D8 as by step SB23. The quasi
MIDI data word QM10 has not been subjected to the
data conversion, and the data converter 323 decides
that the nibble string D3 to D8 [904FO0F] represents the
MIDI data word M10 (see figure 27B) as by step SB24.
Thus, the data converter 323 selects the MIDI data bytes
from the data stream DS2 through the data processing
at steps SB22, SB23 and SB24.

[0105] Upon completion of restoration of the MIDI da-
ta word [904FOF], the data converter 323 returns to step
SB2, and eliminates the synchronous data nibbles [F]
D9, D10, D11 and D12 from the data stream DS2
through the loop consisting of steps SB2 to SB4.
[0106] When the data nibble D13 reaches the data
converter 323, the answer at step SB2 is given affirma-
tive, and the answer at step SB3 is given negative. Then,
the data converter 323 proceeds to step SB5, and
checks the received data nibble to see whether or not it
is equivalent to hexadecimal number [C]. The received
data nibble D13 is equivalent to hexadecimal number
[C] (see figure 28A), and the answer at step SB5 is given
affirmative. Then, the data converter 323 checks the da-
ta input port to see whether or not the next data nibble
is received as by step SB10, and waits for it. When the
next data nibble D13 reaches the data converter 323,
the answer at step SB10 is given affirmative, and the
data converter 323 checks the received data nibble to
see whether or not it is equivalent to hexadecimal
number [4] as by step SB11. The data nibble D13 is
equivalent to hexadecimal number [4], and the answer
at step SB11 is given affirmative. Then, the data con-
verter 323 decides that the previous received data nib-
ble [C] is the most significant nibble of the next MIDI
status byte as by step SB12.

[0107] The data converter 323 waits for the next data
nibble at step SB20. The next data nibble D15 is equiv-
alent to hexadecimal number [0], and determines that
the received data nibble [0] is the least significant nibble
of the MIDI status byte. In other words, the data nibble
[C]and the data nibble [0] form the MIDI status byte M11.
Thus, the data converter 323 removes the data nibble
[4] from the quasi MIDI status data code QM11, and re-
stores the MIDI status byte [CO] (see the first row of the
data conversion table 116 in figure 4). The data convert-
er 323 checks the list for the MIDI data bytes associated
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with the MIDI status byte [CO] at step SB22. Only one
data byte is to follow the MIDI status byte [CO], and re-
ceives the data nibbles D16 and D17 as the MIDI data
byte at step SB23. The data converter 323 eliminates
the data nibbles D11 to D19 from the data stream DS2,
and restores the MIDI data word M11 equivalent to hex-
adecimal number [C020] (see figure 28B) at step SB24.
[0108] Any MIDI status byte with the most significant
nibble [5] is not presently defined in the MIDI standards.
However, a data nibble equivalent to hexadecimal
number [5] may reach the data processor 23 at the po-
sition presently occupied by the data nibble D14. In this
case, the answer at step SB11 is given negative, and
the data converter 323 proceeds to step SB13. The data
converter 323 checks the received data nibble to see
whether or not it is equivalent to hexadecimal number
[5]. The answer at step SB13 is given affirmative, and
the data converter 323 determines the most significant
nibble is [F] (see the data conversion table 116) as by
step SB14, and waits for the next data nibble at step
SB20. The next data nibble is either [4] or [5], and the
data processor 23 determines that the received data
nibble [4] or [5] is the least significant nibble of the MIDI
status byte at step SB21. The data converter 323 checks
the list for the number of data bytes at step SB22, and
receives the data byte or bytes at step SB23.

[0109] The data converter 323 eliminates the syn-
chronous data nibbles D18, D19, D21 and D22 through
the loop consisting of steps SB2, SB3 and SB4. When
the data nibble D23 reaches the data converter 323, the
answer at step SB2 is given affirmative. The received
data nibble D23 is equivalent to hexadecimal number
[C], and the answer at step SB3 and the answer at step
SB5 are given negative and affirmative, respectively.
Then, the data converter 323 waits for the next data nib-
ble D24 at step SB10. The data nibble D24 is equivalent
to hexadecimal number [A], and the answers at steps
SB11 and SB13 are given negative. Then, the data con-
verter 323 proceeds to step SB15, and determines the
data nibble [F] and the presently received data nibble
D24 form the MIDI status byte as by step SB15 (see the
sixteenth row of the data conversion table 16), and
checks the list for the number of data bytes at step SB22.
The status byte [FA] means the instruction "start", and
any data byte does not follow the status byte. For this
reason, the data converter 323 determines that the nib-
ble string D21 to D26 contain the MIDI data word M12
equivalent to hexadecimal number [FA] (see figure 29B)
at step SB24.

[0110] The data converter 323 eliminates the syn-
chronous data nibbles D25 and D26 through the loop
consisting of steps SB2 to SB4, and waits for the next
data nibble.

[0111] The MIDI data words M10, M11 and M12 are
supplied to the tone generator in a real time fashion, and
tone generator produces the audio signal from the MIDI
data words. The audio signal is supplied to the sound
system, and electronic tones are radiated from the
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sound system.

[0112] Thus, the data converter 323 determines the
MIDI status byte through the data processing at steps
SB5, SB6, SB10 to SB15, SB20 and SB21. For this rea-
son, the data processing at these steps SB5, SB6, SB10
to SB15, SB20 and SB21 is referred to as "data process-
ing for determining a status byte". As described herein-
before, the data converter 23 determines the data bytes
through the data processing at steps SB22 to SB24
which is referred to as "data processing for determining
data bytes". The MIDI data word is restored through the
data processing at steps SBS, SB6, SB10 to SB15 and
SP20 to SB24. Thus, the data processing for restoring
a MIDI data word is broken down into the data process-
ing for determining a status byte and the data process-
ing for determining data bytes.

[0113] The most significant nibbles [C] and [F] are
converted to the data codes [C4], [C] and [C5] before
the recording. The method shown in figure 26 may be
broken down into a data processing PR1 for determining
the most significant nibble different from the data nibbles
[C] and [F], a data processing PR2 for determining the
most significant nibble on the basis of the data nibble
[C] and a data processing PR3 for restoring a MIDI data
word as shown in figure 30. The data processing PR1
is carried out at steps SB2, SB3, SB4, SB5 and SB6,
and the data processing PR2 is carried out at steps
SB10 to SB15. The data processing RP3 is carried out
at steps SB20 to SB24. When the most significant nibble
is determined through the data processing PR1, the da-
ta converter 323 directly proceeds to the data process-
ing PR3, and returns from the data processing PR3 to
the data processing PR1. However, if the most signifi-
cant nibble is not determined through the data process-
ing PR1, the data converter 323 determines the most
significant nibble through the data processing PR2, and,
thereafter, proceeds to the data processing PR3.
[0114] Although the synchronous data nibbles were
supplemented into the irregular intervals between the
MIDI data words, the synchronous data nibbles are elim-
inated from the continuous nibble stream DS2. Neither
start bit nor stop bit is required for any of the MIDI data
words. For this reason, the MIDI messages are trans-
ferred at high transfer efficiency.

[0115] As will be understood from the foregoing de-
scription, although the various kinds of modulation tech-
niques are employed to produce the analog audio signal
AD1 from the nibble stream, the detector 100 checks
the regenerative signal RG1 to see what kind of modu-
lation technique was employed, and decides the modu-
lating technique used in the sound recorder 10 or the
uncertainty, i.e., the predetermined modulating tech-
niques were not used. The detector 100 notifies the de-
termination to the demodulator 30A, and the demodula-
tor 30A restores the MIDI data words through the appro-
priate demodulating technique. Thus, even if the differ-
ent modulating techniques are employed in the sound
recorders, they are available for the information trans-
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mission system according to the present invention.

Second Embodiment

[0116] Figure 31 shows anotherinformation transmis-
sion system embodying the present invention. The re-
cording module 13 is replaced with a signal interface
13A. The signal interface 13A converts the analog audio
signal AD1 to the digital audio signal DA1 through the
PCM, and transmits the digital audio signal DA1 through
a wire communication network NW1 to the sound repro-
ducer 30. The signal converting module 11, the signal
modulating module 12, the detector 100, the signal de-
modulating module 31 and the data converting module
32 are similar to those of the first embodiment, and no
further description is incorporated hereinbelow for the
sake of simplicity.

Third Embodiment

[0117] Figure 32 shows another information transmis-
sion system embodying the present invention. The wire
communication network NW1 is replaced with a radio
transmitter RT and aradio receiver RR. The digital audio
signal DA1 is subjected to a secondary modulation, and
is transmitted from the radio transmitter RT through the
free space to the radio receiver RR. The other features
are similar to those of the second embodiment, and no
further description is incorporated hereinbelow.

[0118] In the first embodiment, the sound recorder 10
and the sound reproducer 30 are corresponding to a
firsts station and a second station, respectively, and the
magneto-optic disc serves as an information transmit-
ting medium. On the other hand, the first station and the
second station are labeled with references 10" and 30
in the second embodiment, and the wire communication
network NW serves as the information transmitting me-
dium. The radio transmitter and the radio receiver are
further incorporated in the first station and the second
station in the third embodiment, and the free space
serves as the information transmitting medium.

[0119] As will be appreciated from the foregoing de-
scription, although the data codes are modulated
through a modulating technique selected from the plural
candidates, a discriminator specifies the modulating
technique, and the demodulator reproduces the data
codes. The demodulating technique employed in the de-
modulator does not set a limit on the first station. Thus,
the present invention enhances the flexibility of the in-
formation transmission system.

[0120] Although particular embodiments of the
presentinvention have been shown and described, it will
be apparent to those skilled in the art that various chang-
es and modifications may be made without departing
from the spirit and scope of the present invention.
[0121] The signal modulation is not limited to the 16
DPSK. A multi-value DPSK technique is available for the
signal modulation. If a series of 3-bit data codes forms
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the nibble stream DS1, the nibble stream is converted
to the analog audio signal through 8 DPSK or 24 DPSK.
Similarly, if a series of 2-bit data codes forms the nibble
stream DS1, the nibble stream is converted to the ana-
log audio signal through 4 DPSK or 22 DPSK. The multi-
value may be more than 2.

[0122] The spacious arrangement of gray codes may
be different from that shown in figure 12 in so far as the
relative phase is changed for a series of synchronous
nibbles.

[0123] The MIDI music data words may be used for
controlling an apparatus such as, for example, a stage
lightning system or an image producing system.
[0124] An information transmission system according
to the present invention may have more than two infor-
mation processing stations connected through the infor-
mation transmission medium. In this instance, each of
the information processing stations has both of the
sound recorder and the sound reproducer.

[0125] According to its broadest aspect the invention
relates to an information transmission system compris-
ing: a first station (10; 10") including a modulating unit
(12) and a data converting unit (13; 13A; 13A/ RT) con-
nected to said modulating unit (11/12) for producing an
output signal (DA1) from said modulated signal (AD1);
a second station (30;30/ RR) including a demodulating
unit (31); and an information transmitting medium (20;
NW1) characterized in that said modulating technique
is selected from plural candidates (Y-modulation/ P-
modulation/ Q-modulation); and in that said second sta-
tion further includes a discriminating unit (100).

[0126] It should be noted that the objects and advan-
tages of the invention may be attained by means of any
compatible combination(s) particularly pointed outin the
items of the following summary of the invention.

SUMMARY OF THE INVENTION

[0127]
1. An information transmission system comprising:

a first station (10; 10") connected to a data
source supplying data codes (M1/ M2/ M3)
thereto at irregular interval, and including

a modulating unit (12) producing a modulated
signal (AD1) on the basis of said data codes
(M1/ M2/ M3) through a modulating technique
and

a data converting unit (13; 13A; 13A/ RT) con-
nected to said modulating unit (11/ 12) for pro-
ducing an output signal (DA1) from said modu-
lated signal (AD1);

a second station (30; 30/ RR) supplied with said
output signal (RG1) of said data converting unit,
and including

a demodulating unit (31) supplied with said out-
put signal of said data converting unit for repro-
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ducing said data codes (M10/ M11/ M12)
through a demodulating technique correspond-
ing to said modulating technique; and

an information transmitting medium (20; NW1)
provided between said first station and said
second station,

characterized in that

said modulating technique is selected from plu-
ral candidates (Y-modulation/ P-modulation/ Q-
modulation),

and in that

said second station further includes a discrim-
inating unit (100) analyzing said output signal
(RG1) so as to determine said modulating tech-
nique employed in said modulating unit and
supplying a control signal (S1) representative
of said modulating technique to said demodu-
lating unit (31) so that said demodulating unit
selects said demodulating technique from can-
didates respectively corresponding to said plu-
ral candidates.

2. The information transmission system in which
said first station (10; 10') further includes a first data
converter (113) inserting synchronous codes ( [F])
into said irregular intervals for producing a modu-
lating signal (DS1) so that said modulating unit (12)
modulates a carrier signal with said modulating sig-
nal (DS1) for producing said modulated signal
(AD1), and in which said second station (30) further
includes a second data converter (32) connected to
said demodulating unit (31) and eliminating said
synchronous codes ( [F]) from a demodulated sig-
nal (DS2) supplied from said demodulating unit.

3. The information transmission system , in which
said first station further includes a third data con-
verter (112/116) connected between said data
source and said first data converter (113) and re-
placing the data codes ( [FO] to [FF]) identical in bit
string with said synchronous codes ( [F]) with quasi
data codes ( [CO] to [CF]) for producing said mod-
ulating signal (DS1), and in which said second data
converter (32) is further operative to restore said da-
ta codes from said quasi data codes.

4. The information transmission system , in which
said information transmitting medium is a portable
memory (20) for storing pieces of data information
on said output signal.

5. The information transmission system , in which
said portable memory is a magneto-optic disc (20)
so that said data converting unit (13) produces said
output signal from said modulated signal through a
pulse code modulation.

6. The information transmission system , in which
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said information transmitting medium is a wire com-
munication network (NW1).

7. The information transmission system , in which
said information transmitting medium is a free
space.

8. The information transmission system, in which
said data codes contain pieces of music data codes
representative of a performance.

9. The information transmission system , in which
said first station further includes a first data convert-
er (112/ 116) connected to said data source and re-
placing the data codes ( [FO] to [FF]) identical in bit
string with said synchronous codes ( [F]) with quasi
data codes ( [CO] to [CF]) and a second data con-
verter (113) connected between said first data con-
verter and said modulating unit and inserting syn-
chronous codes ( [F])into said irregular intervals for
producing a modulating signal (DS1) so that said
modulating unit (12) modulates a carrier signal with
said modulating signal (DS1) for producing said
modulated signal (AD1), and in which said second
data converter (32) further includes a third data con-
verter connected to said demodulating unit (31) and
operative to eliminate said synchronous codes ( [F])
from a demodulated signal (DS2) supplied from
said demodulating unit and restore said data codes
from said quasi data codes.

10. The information transmission system in which
said discriminating unit measures edge-to-edge in-
tervals of said output signal so as to determine said
modulating technique employed in said modulating
unit on the basis of said edge-to-edge intervals and
produce a control signal representative of said mod-
ulating technique, and said demodulating unit is re-
sponsive to said control signal for selecting said de-
modulating technique.

11. A method for transmitting pieces of information
from a first station (10; 10'; 10"/ RT) to a second sta-
tion (30; 30/ RR), comprising the steps of:

a) producing a modulated signal (AD1) from da-
ta codes (M1/ M2/ M3) supplied from a data
source at irregular intervals through a modulat-
ing technique selected from plural candidates;
b) converting said modulated signal (AD1) to an
output signal (DA1);

c) transmitting said output signal (DA1) from
said first station through an information trans-
mitting medium (20; NW1) to said second sta-
tion;

d) analyzing said output signal (RG1) for deter-
mining said modulating technique;

e) selecting a demodulating technique corre-
sponding to said modulating technique from
candidates corresponding to said plural candi-
dates; and

f) reproducing said data codes (M10/ M11/
M12) through said demodulating technique.
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Claims

1.

An information transmission system comprising:

a first station (10; 10") connected to a data
source supplying data codes (M1/ M2/ M3)
thereto at irregular interval, and including

a modulating unit (12) producing a modulated
signal (AD1) on the basis of said data codes
(M1/ M2/ M3) through a modulating technique
and

a data converting unit (13; 13A; 13A/ RT) con-
nected to said modulating unit (11/ 12) for pro-
ducing an output signal (DA1) from said modu-
lated signal (AD1);

a second station (30; 30/ RR) supplied with said
output signal (RG1) of said data converting unit,
and including

a demodulating unit (31) supplied with said out-
put signal of said data converting unit for repro-
ducing said data codes (M10/ M11/ M12)
through a demodulating technique correspond-
ing to said modulating technique; and

an information transmitting medium (20; NW1)
provided between said first station and said
second station,

characterized in that

said modulating technique is selected from plu-
ral candidates (Y-modulation/ P-modulation/ Q-
modulation),

and in that

said second station further includes a discrim-
inating unit (100) analyzing said output signal
(RG1) so as to determine said modulating tech-
niqgue employed in said modulating unit and
supplying a control signal (S1) representative
of said modulating technique to said demodu-
lating unit (31) so that said demodulating unit
selects said demodulating technique from can-
didates respectively corresponding to said plu-
ral candidates.

The information transmission system as set forth in
claim 1, in which said first station (10; 10") further
includes a first data converter (113) inserting syn-
chronous codes ( [F])into said irregular intervals for
producing a modulating signal (DS1) so that said
modulating unit (12) modulates a carrier signal with
said modulating signal (DS1) for producing said
modulated signal (AD1), and in which said second
station (30) further includes a second data convert-
er (32) connected to said demodulating unit (31)
and eliminating said synchronous codes ( [F]) from
a demodulated signal (DS2) supplied from said de-



41 EP 1172 979 A2 42

modulating unit.

The information transmission system as set forth in
claim 2, in which said first station further includes a
third data converter (112/ 116) connected between
said data source and said first data converter (113)
and replacing the data codes ( [FO] to [FF]) identical
in bit string with said synchronous codes ( [F]) with
quasi data codes ( [CO] to [CF]) for producing said
modulating signal (DS1), and in which said second
data converter (32) is further operative to restore
said data codes from said quasi data codes.

The information transmission system as set forth in
claim 1, in which said information transmitting me-
dium is a portable memory (20) for storing pieces
of data information on said output signal.

The information transmission system as set forth in
claim 4, in which said portable memory is a magne-
to-optic disc (20) so that said data converting unit
(13) produces said output signal from said modulat-
ed signal through a pulse code modulation.

The information transmission system as set forth in
claim 1, in which said information transmitting me-
dium is a wire communication network (NW1),

and/ or in which preferably said information
transmitting medium is a free space,

and/ orin which preferably said data codes con-
tain pieces of music data codes representative
of a performance.

The information transmission system as set forth in
claim 8, in which said first station further includes a
first data converter (112/ 116) connected to said da-
ta source and replacing the data codes ( [FO] to
[FF]) identical in bit string with said synchronous
codes ( [F]) with quasi data codes ( [CO] to [CF]) and
a second data converter (113) connected between
said first data converter and said modulating unit
and inserting synchronous codes ( [F])into said ir-
regular intervals for producing a modulating signal
(DS1) so that said modulating unit (12) modulates
a carrier signal with said modulating signal (DS1)
for producing said modulated signal (AD1), and in
which said second data converter (32) further in-
cludes a third data converter connected to said de-
modulating unit (31) and operative to eliminate said
synchronous codes ( [F]) from a demodulated sig-
nal (DS2) supplied from said demodulating unit and
restore said data codes from said quasi data codes.

The information transmission system as set forth in
claim 1, in which said discriminating unit measures
edge-to-edge intervals of said output signal so as
to determine said modulating technique employed
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in said modulating unit on the basis of said edge-
to-edge intervals and produce a control signal rep-
resentative of said modulating technique, and said
demodulating unit is responsive to said control sig-
nal for selecting said demodulating technique.

A method for transmitting pieces of information from
a first station (10; 10"; 10"/ RT) to a second station
(30; 30/ RR), comprising the steps of:

a) producing a modulated signal (AD1) from da-
ta codes (M1/ M2/ M3) supplied from a data
source atirregular intervals through a modulat-
ing technique selected from plural candidates;
b) converting said modulated signal (AD1) to an
output signal (DA1);

c¢) transmitting said output signal (DA1) from
said first station through an information trans-
mitting medium (20; NW1) to said second sta-
tion;

d) analyzing said output signal (RG1) for deter-
mining said modulating technique;

e) selecting a demodulating technique corre-
sponding to said modulating technique from
candidates corresponding to said plural candi-
dates; and

f) reproducing said data codes (M10/ M11/
M12) through said demodulating technique.

10. An information transmission system comprising:

a first station (10; 10') including

a modulating unit (12) and

a data converting unit (13; 13A; 13A/ RT) con-
nected to said modulating unit (11/ 12) for

producing an output signal (DA1) from said modu-
lated signal (AD1);

a second station (30;30/ RR) including
a demodulating unit (31); and

an information transmitting medium (20; NW1)

characterized in that

said modulating technique is selected from plu-
ral candidates (Y-modulation/ P-modulation/ Q-
modulation);

and in that

said second station further includes a discrim-
inating unit (100).
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?;1%?1231‘%? BIT STRING DEFINITION
BEFORE DATA AFTER DATA or
CONVERSION CONVERSION STATUS BYTE
GO C40 PROGRAM CHANGE AT CHANNEL 0
C1 C41 PROGRAM CHANGE AT CHANNEL 1
c2 C4z2 PROGRAM CHANGE AT CHANNEL 2
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Gray Code POSITION PHASE | _ (OMPONENT Q- COMPONENT

Data - ypgc; [rad)

1000 0 0 1 0
1010 1 0.392699 0.92388 0.382683
1110 2 0.785398 0.707107 0.707107
0110 3 1.178097 0.382683 0.92388
0010 4 1.670796 0 1
0011 5 1.963495 -0.38268 0.92388
0111 6 2.356194 -0.70711 0.707107
1111 7 2.748894 -0.92388 0.382683
1011 8 3.141593 -1 0
1001 9 3.5634292 -0.92388 -0.38268
1101 10 3.826991 -0.70711 -0.70711
0101 11 4.31969 -0.38268 -0.92388
0001 12 4.712389 0 -1
0000 13 5.105088 0.382683 -0.92388
0100 14 5.497787 0.707107 -0.70711
1100 15 5.890486 0.82388 -0.38268
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